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The Marseilles Development 


FREQUENCY CHANGER PROVIDES FLEXIBILITY OF OPERATION OF 25 AND 60-CYCLE 














GENERATORS; DousLeE SwitcHinac APPARATUS INSURES CoNnTINUOUS SERVICE 
N ORDER TO take advantage of the water 
power furnished by the Illinois-Michi- 
I gan Canal at Marseilles, Ill., the North- 
ern Illinois Light & Traction Co. pur- 
chased the right to use this water at a 
SRS fixed rate per year, the charges being 
based on the size of intake opening. En- 
neers working on this project determined that, with 
the available head, sufficient energy could be generated 
not only to supply the Illini Trail System running from 
Princeton to Joliet with power for traction, but also 
enough to furnish Marseilles and surrounding towns 
and villages with light and power. 
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trical control and switching apparatus, while all gener- 
ating machinery is housed in the main building. 

For convenience in handling heavy machinery, pro- 
vision is made to allow a standard size freight car to 
enter the west end of the building. And as a further 
aid, the station is equipped with a 20-ton, double-girder 
Case electric crane with floor control. 

As shown in Fig. 7, a concrete forebay and sluice 
divert the head waters to the north side of the station, 
while ice booms and trash racks of special designs tend 
to keep the wheel pits clear. 

This boom is built up of 11 sections, consisting of 
2 12 by 8-in. timbers chained together and held in place 


FIG. 1. STEAM AND HYDRO-ELECTRIC PLANTS AT MARSEILLES, ILL. 


After the plant was in operation, it was found, due 
to the variable flow of water and trouble encountered 
with ice, that a supplementary steam plant was neces- 
sary. As a result, a turbine plant has recently been 
installed with a temporary building to house it until 
its final size is determined and steel and concrete walls 
can be built. 

As shown in Fig. 1, the hydro-electric station con- 
sists of a low steel structure faced with rough red and 
cream brick resting upon concrete arches and piers. A 
wing extending to the north contains the entire elec- 


by 1-in. U bolts encircling 8-in. iron pipes, filled with 
and imbedded in concrete and spaced at 25-ft. intervals. 
To allow for necessary play and at the same time pre- 
vent ice from passing between the sections, a joint, 
shown in Fig. 6, is used. 

With the ordinary trash rack built up of rectangular 
bar sections, it was found that as the water passed 
between the bars considerable contraction took place, 
tending to retard the flow. To overcome this difficulty, 
a special section, shown in Fig. 5, was designed and is 
now in use. Eleven of these sections separated by cast- 
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iron spacers are built up into units measuring 2 ft. 
5g in. by 16 ft. and are held together by 5 114 by 245- 
in. round iron rods. 

All surplus water, ice and trash are diverted over 
a spillway under the west end of the building. 





248 





Fig. 2. HYDRO-ELECTRIC GENERATING ROOM 


Each wheel is in a separate compartment provided 
with heavy iron gates which, when closed, prevent the 
further flow of water and render the pit accessible for 
inspection and repairs. 


GENERATING EQUIPMENT 


Av THE east end of the station are 2 sets of 3 wheels 
each connected through bridles to alternators, one a 
500-kw., 60-cyele Westinghouse, and the other a 450-kw., 
25-eyele General Electric machine. Placed next to these 
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Each wheel is equipped with a Lombard, type Q, gov- 
ernor carrying a pilot valve and controlling Leffel gates 
by oil pressure furnished by, belted pumps. 

In addition are installed one Westinghouse motor- 
generator exciter consisting of a direct-current gener- 
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FIG. 3. SWITCHBOARD AND GALLERY 


ator rated at 100 kw., 125 v., and driven by a 100-hp., 
2200-v., 60-cycle induction motor at 530 r.p.m., and one 
750-kv.a., 2300-v., 3-phase frequency changer, changing 
from 25 to 60 cycles or reverse as required. 


SwitcH AND ConTROL EQUIPMENT 


CABLES connecting the various machines to their re- 
spective switchboard panels are carried through conduits 
in conerete trenches to hand-operated oil-break switches 


at the rear of the board. 









































Fig. 4. 


are 2 90-kw., 125-v. Westinghouse exciter units, each 
direct connected to a vertical water wheel. The re- 
maining units are 6 Westinghouse vertical water-wheel 
generators of the revolving-field type, each rated at 
350 kw., 2 at a frequency of 25 eycles, 4 at 60 cycles. 





CROSS-SECTIONAL VIEW OF HYDRO-ELECTRIC STATION, SHOWING ICE BOOM, TRASH RACK, SWITCHING 
COMPARTMENT, WATER WHEELS AND GENERATORS 









In order to insure continuity of service, everything 
between these switches and transmission lines is in dupli- 
cate. Four sets of bus bars, one main and one emer- 
gency set for each frequency are provided with addition- 
al duplicate sets of oil circuit breakers, disconnecting 
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switches, transformers, choke coils and lightning arrest- 
ers. The flexibility of this arrangement may readily be 
understood by referring to Fig. 8. With this scheme of 
connections it is possible to operate from either set of 
buses and feed into 2 separate outgoing circuits or, by 
means of disconnecting switches and oil circuit breakers 
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FIG. 6. DETAILS OF ICE BOOM AND BOOM PIPE 


the 2 cireuits may be tied together, allowing one side or 
other of the switching equipment to be cut out for 
necessary ihspection or repairs. 

Four separate sets of high-tension lines leave the 
station. These consist of 2 25-cycle sets and 2 60-cycle 
sets, one of each being carried east and one of each 
west. The 25-cycle service, used for power, is distrib- 
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FIG. 7, PLAN SHOWING CONCRETE FOREBAY, SLUICE, ICE 
. BOOM AND TRASH RACKS 


uted to the traction system at Morris and Ottawa, while 
the 60-eyele lines carry the lighting loads of the sur- 
rounding towns and villages. 

All 2300-33,000-v. transformers, low and high-tension 
bus wires, disconnects, oil breakers and coils are placed 
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back of the switchboard, while on the gallery above are 
lightning arresters, rheostat grids, totalizing watthour 
meters for 60 and 25-cycle service and a tub transformer 
and panel for the Marseilles street lighting system. 
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FIG. 5. SPECIAL BAR SECTIONS FOR TRASH RACKS 


All transformers are of the water-cooled type and are 
placed on 4-wheel trucks which, in case of repairs, may 
be run onto a transfer car and wheeled out under the 
crane. 
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SINGLE LINE DIAGRAM OF CONNECTIONS OF SWITCH- 
ING APPARATUS 























Fig. 8. 


Station voltage regulation is secured by 2 Tirrill 
regulators, one for each frequency. 


AUXILIARY EQuiIPpMENT 


IN ADDITION to lighting the streets of Marseilles, the 
Northern Illinois Light & Traction Co. supplies the city 
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with water by means of 3 Smith-Vaile triplex pumps, 
2 of which are geared to 40-hp., 2200-v., 3-phase, 60- 
cycle induction motors, while the third is operated by a 


MOTOR DRIVEN PUMPS FOR MARSEILLES WATER 
WORKS SYSTEM 


FIG. 9. 


50-hp., 2300-v., 3-phase, 60-cyele induction motor, deliv- 
ering the water to a standpipe on a hill above the town. 
The pumping plant is shown in Fig. 9. 
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FIG. 10. 2000-Kw. GENERAL ELECTRIC STEAM TURBINE 


During the cold season, the station is heated with 
steam supplied by a Kewanee low-pressure boiler to 
radiators placed under each window. 
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AUXILIARY STEAM PLANT 


WHEN IT became evident that the continuous opera- 
tion of this station was jeopardized by the great ice floes 
occurring every spring, an auxiliary steam plant, shown 
at the left of Fig. 1, was built. Although the ma- 
chinery now contained in this building is permanently 
installed, the housing is but temporary, being a frame 
of wood with corrugated steel sides and composition 


FIG. 11. BOILER ROOM, MARSEILLES STEAM STATION 

The boiler-room equipment consists of 6 Stirling 
water-tube boilers arranged in 3 batteries of 2 250-hp., 
2 285-hp., and 2 400-hp. units, operating under a pres- 
sure of 150 Ib. 

All boilers are hand fired from the floor with coal 
dumped in front of them brought in by industrial cars 
or thrown in through the windows alongside. 

Ashes are removed through the pit doors, shoveled 
into industrial cars and wheeled out. 
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FIG. 12. WATER RHEOSTAT USED FOR STATION TESTS 


Water fed to the boilers is heated in a No. 4 Stilwell 
feed water heater which takes steam from the various 
auxiliaries and is supplied with an Erwood relief valve 
exhausting all excess steam into the atmosphere. 

Most of the auxiliaries, except the feed water heater 
and house pump, are placed in the turbine room, which 
also contains a 2000-kw., 2300-v. Curtis vertical con- 
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densing turbine and a 35-kw., 125-v. Curtis horizontal 
turbine exciter unit. 

A 2-panel board for the control of these 2 machines 
is placed at the east end of the room. By means of a 
switch on the exciter panel, the fields of the steam tur- 
bine may be energized by either the turbine-driven ex- 
citer or those in the hydro-electric station, while the 
generator, through a hand-operated oil switch on its 
panel, connects directly with the 25-cycle bus bars in 
that building. 
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TESTING EQUIPMENT 

TESTS MAY at any time be made on any one of the 
station units by means of the water rheostats shown in 
Fig. 12. As may be seen, these rheostats are built up 
of iron plates attached to a wooden frame and so ar- 
ranged that they may be lowered into the waters of the 
tail race to create a desired load. From tests already 
earried out, it has been found that these rheostats are 
capable of carrying a load of 2600 kw. at a voltage of 
2300. 


The Barometer of Power Plant Economy 


CoMPARISON OF CoAaL CONSUMPTION AND 
Power Output. By REGINALD TRAUTSCHOLD 


HEN it comes right down to common, everyday 
facts, efficiency in power plant production means 
to the managemént, the greatest number of horse- 

power-hours obtained from the coal pile for the fewest 
number of dollars, while suitably maintaining power 
supply for all requirements. It is really economy in 
power production that is of main interest, not efficiency 
in power production. Be that as it may, the conditions 
governing efficiency and economy in power production 
differ in one main respect only; the former being gov- 
erned by the amount of steam generated by a given 
weight of coal and the latter depending upon the num- 
ber of pounds of steam generated for the least expendi- 
ture for fuel, labor, ete. Subsequent operations in the 
conversion of the steam into useful mechanical power 
affect similarly both economy and efficiency. 


Pounds of water evaporated per pound of coal, or 
pounds of water evaporated for a given outlay, at the 
boiler and the pounds of steam consumed per horse- 
power, or other power unit, at the engine or turbine 
are then the important considerations in any steam power 
house. Inefficienciés may occur after the steam has been 
delivered to the power unit; but such are comparatively 
easily located, if not simply remedied, and if the prime 
mover is efficient and kept in good working order, indi- 
eator ecards will accurately show the consumption of 
steam. Rate of evaporation is just as easily ascertained, 
being accurately measured by the amount of water fed 
to the boiler. The 2 most important facts pertaining 
to both economic and efficient operation are thus easily 
discovered. 

Every coal having its own particular value as a 
steam producer under a given boiler, a value that is not 
necessarily entirely dependent upon its heating value, 
the rate of evaporation may differ for nearly every coal. 
Steam consumption, on the other hand, is a fairly con- 
stant quantity if the engine room equipment is kept in 
efficient operating shape. The aim of every operator 
of a steam power plant is then to secure the maximum 
evaporation for the least money, whether that means the 
maximum evaporation per pound of coal or not. 

Economic choice of coal for any plant must be largely 
a matter of experiment; but once the right coal has 
been selected, the economic generation of power is de- 
pendent upon the efficiency of production. Knowing 
the steam consumption of the power unit and having 
ascertained the rate of evaporation by a careful test 


under good working conditions, the efficiency of the 
combined boiler and engine plant is a simple caleula- 
tion—the steam consumption divided by the supply of 
steam, or amount of water evaporated. The rate of 
steam supply should be reflected by the speed at which 
the coal supply is consumed, which, if it were not for the 
losses between the boiler and the power unit, would also 
accurately indicate the rate of evaporation. With the 
coal pile thus acting as a gage for measuring both the 
economy of steam generation and the efficiency of steam 
consumption, it serves as an excellent means of locating 
leaks and losses—particularly to the accounting depart- 
ment. 

The losses between the boiler and the engine can 
usually with care be kept down to a small amount—an 
amount that is quite inconsequential as far as the prac- 
tical efficiency of the power plant is concerned, so that 
if there is any marked variation between the consump- 
tion of coal as indicated by calculations based on the 
rate of evaporation at the boiler and that based on 
calculations from the indicated steam consumption of 
the power unit, it is proof positive that some preventable 
losses are taking place. Such calculations, however, re- 
quire considerably more time for their solution than the 
reading of a chart graphically depicting the results— 
such chart being easily evolved—besides which the im- 
possibility of reading a chart to the same degree of accu- 
racy as may be obtained by the use of figures is rather 
a practical advantage than a handicap, the error in 
reading compensating for the slight unavoidable loss 
between the boiler and the engine. For these reasons, 
the accompanying chart, showing the horsepower-hours 
per ton of coal at various rates of evaporation, proves 
of considerable assistance to the management of a plant 
in locating inefficiencies in plant operation, reduced 
efficiency of boilers, unsatisfactory operation in the boiler 
room, ete., as well as in discovering wastes due to care- 
lessness in handling fuel and other losses that the most. 
careful and elaborate boiler and engine tests can no 
more accurately ascertain—theft of coal, for instance. 

As a typical example, a simple 300-hp. Corliss engine 
may be considered, that was purchased on a guaranteed 
steam consumption of 18 lb. under usual conditions of 
service. A careful boiler test has shown an average 
rate of evaporation of 9 lb. of water per pound of fuel. 
Furthermore, these records have been pretty uniformly 
attained during the first weeks of operation when it is 
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discovered that coal is being furnished the boiler room 
at a rate of 6 tons per day of 10 hr. operation. Referring 
to the chart, it is seen that a ton of coal burned so as to 
develop 9 lb. of steam per pound of fuel for an engine 
consuming 18 lb. of steam per i.hp.-hr. should be good 
for 1000 hp.-hr., or the necessary amount of coal for the 
boilers should not greatly exceed 4 tons per day. A 
discrepancy of 50 per cent could not be charged to the 
loss between the boiler and engine. Calibration of the 
indicator cards would fix the steam consumption of the 
engine and if these proved satisfactory and no evident 
wastes were found to be occurring in the connections 
to the boiler—a hasty examination of the piping, valves, 
ete., being ordinarily all that should be required—the 
waste would probably be found in the boiler room. 
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The leak would be ascertained but not necessarily 
located or discovered, for, not infrequently, a boiler test 
would show nothing radically wrong. Nevertheless, 
wastes have been occurring—possibly before the coal 
ever entered the boiler room, or more probably through 
eareless firing or clever concealment of wastes by the 
boiler room force, wastes that may not be at all apparent 
while a boiler test is being conducted. Or the increased 
cost of power might be due to the fact that a poorer 
grade of coal was being supplied, a fact that would be 
more accurately discovered by the chart investigation 
than by analyses of samples of the coal that may or 
may not be typical of the whole mass of coal. 

Of course, such wastes could all be run to ground by 
careful tests of the power plant and insistence that the 
same care be taken in daily operation as when conduct- 
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ing such tests, but these tests are not only quite expen 
sive to conduct and should be of considerable duratio:: 
to be truly typical of operating conditions, but they 
cannot be of daily occurrence. Maintaining the tes: 
standard every day is also no easy task. The chart alone 
cannot accomplish all these desired results, it is true. 
but it does furnish a handy means of checking up th: 
efficiency of operation at any time. More or less cal. 
culations based on the data from indicator cards and the 
record of feed to the boiler would serve just as well, o/ 
course, but such calculations are not apt to be made as 
frequently nor by as: many people as would use the 
chart. With the chart, the management, the superin- 
tendent, the accounting department and the boiler room 
force can readily ascertain the comparative economy of 
operation of the plant whenever desired—particularly 
the fireman. The latter, in the average efficiently oper- 
ated plant, probably takes more pride in his department 
than anybody else. He wants to know the best and 
easiest way to perform his duties, and this is invariably 
the most efficient way. Let him know just how efficiently 
he is working. The oftener this information is supplied 
the better. 

Automatic recording devices for the feed supply to 
the boilers and the coal consumption, with frequent 
use of such a chart as presented, converts the coal pile 
into a readable as well as most practical barometer of 
economy in power production. If, in addition, a con- 
tinuous power load record is kept, accounting with all 
its value in cost keeping is not only greatly simplified 
but made much more accurate. 
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Extinguishing Liquid Fires 

CCORDING to Edward A. Barrier, the only prin- 

ciples which can be made use of in extinguishing 

fires in volatile oils are (1) to form a blanket of 
either gas or solid material over the burning liquid, 
which will cut it off from the oxygen of the air or, (2) 
to dilute the burning liquid with a noninflammable ex- 
tinguishing agent miscible with it. 

In a paper presented to the American Society of 
Mechanical Engineers the above-named author said that 
sawdust is specially efficient in extinguishing liquid fires, 
as it forms a blanket which: for a time floats upon the 
surface of the liquid, excluding the oxygen of the air. 
The efficiency of sawdust is greater on viscous than on 
thin liquids, as it floats more readily on the former than 
on the latter. The sawdust itself is not easily ignited 
and when ignited, it burns without a flame and the 
burning embers have not sufficiently high temperature 
to reignite the liquid. Mixing sodium bicarbonate with 
the sawdust increases its efficiency materially. 

Carbon tetrachloride has received recently consider- 
able attention as a fire extinguishing agent. If pure, 
the water-white liquid has a rather agreeable odor not 
unlike that of chloroform; its specific gravity is 1.632 
at the melting temperature of ice. It is noninflammable, 
nonexplosive and mixes readily with oils, waxes, japan, 
ete. The vapor is heavy, having about 51% times thie 


‘weight of air so that it forms a blanket of noninflam- 


mable gas over the burning liquid which excludes the 
oxygen of the air necessary to the process of combus- 
tion —Safety Engineering. 
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Drainage of Low-Pressure Piping 


By CuHarues L. Hupparp 


OW-PRESSURE drips commonly include the 

drainage from exhaust pipes, oil separators, feed 

water heaters, receiver barrels and exhaust heads. 
The condensation may be either oily or practically free 
from oil, depending upon the point from which it is 
taken. 

In general, low-pressure drips contain oil and no 
attempt is made to save them, although the heat is 
sometimes utilized for heating the feed water when the 
exhaust steam is not sufficient for all heating require- 
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FIG. 1. METHOD OF UTILIZING HEAT FROM OILY DRIPS 


ments. An arrangement for this purpose is shown in 
Fig. 1, and consists of an ordinary closed feed water 
heater so arranged that the oily drips pass through the 
tubes on the way to the sewer, while the feed water is 
pumped through the shell. Such a heater may some- 
times be used separately or in series with a steam heater, 
as shown, the connections being so made that each may 
be operated independently of the other. 
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FIG. 4. CONNECTIONS TO DRIP TANK AND TRAP 


All drips should be cooled to 100 deg. or below before 
discharging into a sewer, hence, if the cooling process 
may be turned into a saving, it should always be done, 
or at least considered, in order to determine its prac- 
ticability in any given case. Drips from oil separators, 
also exhaust mains and feed water heaters located be- 
tween the engines and oil separators, are commonly 
turned into the sewer without any attempt at purifi- 
cation. 

Exhaust steam which is turned into a surface con- 
denser or heating system should always first be purified, 


as the coating of oil which accumulates on the interior 
surfaces prevents the free transmission of heat through 
condenser tubes and radiators. Furthermore, oil should 
be rigidly excluded from water returned to the boilers, 
as its presence not only reduces the heat transmission 
through the heating surfaces, but is liable to cause 
burning of the plates, to assist in the formation of hard 
scale and to produce foaming. 


REMOVAL OF OIL FROM EXHAUST 


THE SIMPLEST and most common method of remov- 
ing oil from steam is by the use of an oil separator 
similar in construction to those employed for the re- 
moval of moisture. 

To prove efficient, separators of this kind must be 
properly proportioned to their work in order to limit 
the velocity, and usually require a straight run of pipe 
the full size of the port opening 5 or 6 diameters in 
length immediately preceding the separator when the 
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SETTLING TANK FOR THE REMOVAL OF OIL 
FIg. 3. SETTLING TANK AND FILTER 


latter is made larger than the main with which it con- 
nects. The size of separator should always be deter- 
mined by the makers for the quantity of steam which is 
to pass through it and this often calls for a larger size 
than the main, especially in the case of exhaust steam 
heating. 

In ease sufficient oil is found to pass the separator 
to affect the boilers, it will be necessary to purify the 
condensation either by filtration or the use of a sepa- 
rating tank in which the oil is allowed to rise to the 
surface, from which it may be drawn off from time to 
time. A simple form of settling tank is shown in Fig. 2. 
This may be constructed of a standard east or wrought- 
iron blowoff tank connected up as indicated in the cut. 
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When a sufficient layer of oil has collected on the sur- 
face of the water, the connection with the feed pump 
may be shut off and the water and oil allowed to over- 
flow into the sewer until the surface is cleared. 

A combined settling tank and filter is shown in Fig. 
3. This is best constructed of light boiler iron and may 
be made rectangular in form with 2 partitions, as indi- 
cated. Condensation enters at the right, most of the 
oil rising to the surface in compartment X, while the 
water passes into Y through on opening near the bot- 
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FIG. 5. METHOD OF DRAINING EXHAUST RISER 

tom. From here it rises through a coke filter and over- 
flows into compartment Z, which has a pump connec- 
tion near the bottom. Any oil which finds its way past 
compartment X and the filter, rises to the surface in 
Y and Z and may be drawn off from time to time in 
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DRIP CONNECTION FOR VACUUM HEATER TO 
CONDENSER 


FIG. 6. 


the same manner as described in connection with Fig. 2. 
The drip connection from an oil separator, which 
drains a main exhaust line taking exhaust steam from 


2 or more engines, should first lead to a reservoir or 
tank before passing to the trap. ‘The reason for this is, 
that when steam is first turned into the system, or a 
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cold engine is cut into service, the amount of condensa- 
tion is temporarily increased beyond the capacity of the 
trap, thus partially flooding the separator and allow- 
ing a certain amount of oily water to pass into the 
heating system or condenser. A tank of sufficient size 
placed as shown in Fig. 4, will catch any sudden rush of 
water, thus equalizing the work of the trap and pre- 
venting any overflow into the system beyond the sepa- 
rator. 
DRAINAGE OF FEED WaTER HEATERS 


DRAINAGE OF feed water heaters is an important 
item in connection with a low-pressure or exhaust system 
of piping. A common method of draining an outbound 
exhaust riser and a closed heater in a noncondensing 
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METHOD OF DRAINING VACUUM HEATER LOCATED 
BELOW THE CONDENSER 


FIG. 7. 


system is shown in Fig. 5. With this arrangement, 


there is danger of a slight drop in pressure in the heater, 
when working at maximum capacity, which is often 
sufficient to cause short-circuiting through the drips as 
indicated by the arrows. This prevents the condensation 
from entering the trap and results in a partial flooding 
of the heater. ° 

This condition may be avoided by making a siphon 
loop 3 or 4 ft. in length of the drip from the exhaust 
riser, as shown by the dotted lines, or, if there is not 
sufficient space for this, a special trap may be used. 
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FIG. 8. PNEUMATIC EJECTOR FOR LIFTING SEWAGE 


In many condensing plants, the exhaust from the 
various pumps and other auxiliaries is sufficient to heat 
the feed water for the entire plant. When the exhaust 
from these sources is equal to about 1/6 the entire 
quantity of steam generated by the boilers, there will 
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be nothing gained by placing a heater in the main 
exhaust pipe leading to the condenser ; but if the exhaust 
from the auxiliaries is less than this amount, the feed 
water may first be passed through a heater supplied 
with steam at condenser pressure, and then through a 
second heater taking the pump exhaust at atmospheric 
pressure, which will raise the water to a temperature 
of 205 to 210 deg. 

In case a vacuum heater is used, the simplest method 
of drainage is to drip it to the condenser, as in Fig. 6, 
when the latter is below the heater. When the con- 
denser is on a higher level, a return trap with a high 
pressure connection must be employed to lift the con- 
densation into the condenser or to discharge it into the 
hot well or sewer against atmospheric pressure. Such 
an arrangement is shown in Fig. 7. 


PRACTICAL 
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LirtiInc DrainaGe TO SEWER LEVEL 

BoILer rooms of many office buildings are below the 
level of the city sewers and all drainage must therefore 
be raised in order to be disposed of. The pneumatic 
ejector, shown in Fig. 8, is well adapted to this purpose. 
This consists of a chamber with inlet and outlet openings 
provided with checks as indicated. A pair of bells, or 
buckets, attached to a common rod automatically con- 
trols the compressed air and exhaust. When the water 
level in the chamber reaches a given point, the rising 
of the buckets admits compressed air, which forces out 
the contents through the discharge outlet, and the fall- 
ing of the buckets with the water level closes the pres- 
sure pipe and opens the exhaust. The action of this 
device is automatic and discharges a given amount of 
water each time. 


Boiler Setting Arches 


CLASSES, AND THEIR CONSTRUC- 


TION. 


N every brick boiler setting it is necessary to use some 
arch construction. As this is more troublesome to 
, install and maintain than the rest of the lining, it is 
well to give it a little extra consideration. The subject 
is one that presents an opportunity for a wide range of 
technical detail. It would be impossible to make an 
expert furnace builder out of oneself by the study of 
any work on the subject however elaborate. It is per- 
feetly possible, however, that the brief discussion of a 
few of the main points may prove interesting and per- 
haps helpful to men who have work of this kind to do. . 
There are 3 principal classes of arches if we divide 
them according to their positions in the setting: inner 
arches, boiler door arches and back combustion chamber 
arches. Inner arches are those built within the combus- 
tion space over or near the fuel bed; they may be used 
with any type of boiler. Boiler door arches are the small 
arches at the firing openings in the front; they are used 
with all hand fired boilers and some types of stokers. 
Back combustion chamber arches form a roof for the 
space between the rear wall and the back of the boiler; 
they are used only with horizontal tubular boilers and 
some dry back Scotch boilers. 


INNER ARCHES 


THE GENERAL object of an inner arch in a boiler set- 
ting is to help produce efficient combustion of the fuel. 
This primary purpose is served in a variety of ways. 
There are coking arches which hold the distilled gases 
until they can be brought in contact with incandescent 
fuel. There are deflecting arches which lead the gases 
in such directions as will insure their complete combus- 
tion. There are ignition arches which provide an incan- 
descent roof whose radiated and reflected heat helps to 
ignite green fuel, distill its gasés, or burn the gases 
already liberated. It is probable that in practice an arch 
designed for any one of these duties performs the func- 
tions of the others to a greater or less extent. It might, 
therefore, be difficult to fix exactly the class into which 
any given example should be placed. 


By CuHas. N. Moregan 


This fact does not influence the general principles of 
arch design; these hold for all inner arches irrespective 
of their purpose. As far as the length is concerned, this 
is determined by the desired rate of combustion and the 
character of the fuel. If a fuel is easily ignited, the less 
need be the length of an ignition arch. It is also true, 
especially with hand firing, that the height above the 
grates should be greater for fuels of high volatile con- 
tent. This is a matter, however, which really belongs 
to the larger question of combustion. 

The ideal proportion between the rise and span of 
an arch is between 1 to 6 and 1 to 8. The flatter the 
arch, the greater the side thrust. Fire brick is not 
adapted to standing heavy pressures, particularly when 
hot, so this side thrust should be kept as low as possible. 
It may, therefore, be taken as a rough general rule that 
a fire brick arch should be given all the rise for which 
there is room. In the case of spans of 4 or 5 ft., this is 
not so essential; they may be made very flat and still 
give good results. 


In practice, the arch is usually made 9 in. thick, 
undoubtedly on account of the fact that standard fire 
brick shapes are 9 in. long. This thickness is more than 
is actually required for small arches and not enough for 
very large ones. For the average arch, having a span 


of from 6 to 9 ft., it is a good thickness. With those 
of even wider spans, 9 in. is sufficient if the arch has a 
generous rise. For arches 10 ft. or more in span which 
do not rise at least 2 in. to the foot, blocks may be used 
which give a greater thickness than 9 in. These provide 
a larger bearing surface to take care of the excessive 
side thrust; as this is greatest at the spring line, it is 
not good policy to reduce the thickness of the arch at the 
sides. In furnaces where very high temperatures make 
the life of any arch short, the central part is sometimes 
thickened so as to prolong its usefulness. A use of 
specially thin blocks would seem to be warranted, then, 
only in the eases of wide and flat spans or destructive 
furnace temperatures. 
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In laying up a fire brick arch, ground fire clay mor- 
tar is used. This is mixed to the consistency of thick 
cream. It should be applied very sparingly to the upper 
half of the bearing surfaces of the arch blocks, then 
each block should be tapped tightly against its neighbor, 
which will result in a joint with a small opening toward 
the fire but tight on top. While the opening in the joint 
should not be big enough to admit a trowel blade, it 
will be sufficient to reduce the strain on the arch when 
the fire surface begins to expand. 

Blocks should be used which exactly conform to the 
required radius. The right way to lay them is one 
course at a time and not in rings. One ring can be laid 
first as a gage of the number of courses needed. In 
doing this, it is advisable to move the skewbacks in or 
out a little so the ring will be just filled with whole 
blocks, which will overcome the necessity of splitting 
one course. 

The skewbacks being thus properly spaced apart, the 
laying of courses will proceed from each side toward 
the center of the span. At the last, there should remain 
one whole course from front to back, to be laid. This 
is the key course, and it must fit snugly into the space 
left for it. If splitting of blocks has been necessary. 
it should have been done in some intermediate course so 
that the bearing surfaces of the key course and those 
adjacent to it may be smooth and true. It may take a 
little driving to get- the key course in place, but too 
much force must be avoided on account of the likelihood 
of injury to the blocks. If the arch is properly gaged 
in the beginning by laying up one ring, no difficulty 
should be experienced during the rest of the construc- 
tion. 

As to the probable length of service to be expected 
from an arch built over a fire box, this is a question that 
cannot be given a definite answer. What one plant 
would consider excellent service, would be very poor 
under the working conditions of another. There are 
plants where it seems to be necessary to repair about 
every 6 months, and others where arches have lasted 
5 or 6 yr. Probably the majority of plants using inner 
arches find it necessary to overhaul them at least once 
every 2 yr., and those who use high class stokers, artificial 
draft, and high rates of combustion, even oftener. It 
would be safe to say that under average conditions one 
might expect a minimum of 18 months service from 
inner arches provided they set a distance of 2 ft. or more 
above the fuel bed. 


Borer Door ARCHES 


THE BOILER door arch, fire door arch, or door liner, 
is simpler in every way than the inner arch. Its purpose 
is to provide an opening in the front wall of the setting 
structurally capable of supporting the brickwork above 
and tough enough to withstand the hard usage due to 
firing. It should be of such design that it can be erected 
or repaired easily and not obstruct the firing operations 
while in service. 

As to the shape of this arch, it of course must con- 
form to the shape of the opening in the iron front. Its 
under surface should flare upward and to the sides 
so as to give room to spread fuel. Such a form is diffi- 
cult to make with small brick because the fire clay joints 
have to be enlarged as the arch widens out. This 
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becomes a point of weakness at once and makes frequent 
repairing necessary. An arch which is molded into 
just the proper shape is better, is easier to install, and 
has a greater chance to give long service. 

Those portions of brickwork between and at the 
sides of the doors are called the jambs. On them the 
arches rest. They also may very well be molded into one 
piece blocks, and can then be obtained, together with the 
arch pieces, in complete sets to fit almost any sized 
opening. 

The arch pieces should be thick enough to have ample 
strength. They must also have a top surface that will 
form a good base for the superimposed brick work 
around the smoke box or header. A level surface is 
preferable. The side pieces or jambs ought to be thick 
enough to give them solidity and prevent their being 
broken by the hard knocks they receive from the fire 
tools. Their depth would be the same as the dead plate, 
but the arch might overhang them somewhat if neces- 
sary to protect the first row of rivets in a horizontal 
boiler. 

The life of an old-fashioned cast-iron boiler door arch 
under modern ‘conditions is usually so short that brick 
is now used almost exclusively. The arch that is built 
up of small bricks will give a service depending alto- 
gether on the skill of its builder in overcoming its weak 
features. An arch made of specially molded large blocks 
should last 2 yr. at least and from 3 to 4 in the average 


ease. 
Back ARCHES 


ANOTHER important arch is the one used to cover 
the rear combustion chamber of horizontal tubular 
boilers. The primary requirement in the design of such 
an arch is that it shall be gas tight. As a supplementary 
requirement of some importance, it must be flat across 
the boiler head so as to expose as little of the head as 
possible. There is an added advantage if it is flat from 
front to rear, in that there is more head room in the 
chamber and expanding tools can be used on the upper 
tubes without removing the arch. If, also, it can be 
taken out and replaced to make some unusual repair, 
and is made of refractory material, the back arch comes 
pretty near doing and being all that can reasonably be 
expected. 

The one requisite, tightness, gives rise to most of the 
difficulty with this arch. The boiler has a slight longi- 
tudinal movement due to expansion and contraction, 
and the arch must be built so as to take care of this. 
It should be supported independently of the boiler. If 
this necessitates iron bars of any kind, they must be 
protected, for the temperatures in modern combustion 
chambers are very high. The space between the arch and 
the boiler head, usually not exceeding an inch, is kept 
packed with a cushion of asbestos or other material, thus 
forming an elastic joint between the movable boiler and 
the solid stationary arch. 

If properly designed, the back arch should last an 
indefinite time; 15 or 20 yr. ought to be the minimum 
service it would give. Anyone who is satisfied with less 
is simply putting up with useless annoyance and ex- 
pense. It is merely a question of getting an arch that 
answers all the requirements and there are several such: 
on the market, all easily obtainable. 








PRAGTIEAL 


N 
Ss 


March 1, 1915 


INEER 


Characteristic Curves of Centrifugal Pumps* 


RELATION OF SPEED, DiscHaRGE, DiscHaRGE HEAD 
Horsepower Input AND Output ReapiLy PL.or- 


TED ON ONE. D1rAGRAM. 


HARACTERISTIC curves, illustrating the per- 
formance of centrifugal pumps, provide a clear 
and precise method of comparing the relative val- 

ues of such pumps. . 

Characteristic curves may deal with either the design 
or the’ performance of a machine, limited only in that 
the curves must be characteristic of that type and fol- 
low the same general equation for any one type of ma- 
chine, irrespective of size or make. 

It is not the purpose of this paper to cover questions 
of design or actual results that have been obtained, but 
rather to illustrate a characteristic method of diagram- 
ming the experimental data pertaining to centrifugal 
pumps. The accompanying diagrams were developed 


from data, chosen at random from a number of tests, to 
illustrate average conditions. The curves deal with the 
head, speed, capacity, horsepower input and output, and 
efficiency of a 4-in. centrifugal pump. The horsepower 
output of thé motor driving the pump is labeled b.hp. on 


FIG. 1. CAPACITY-HEAD ; ISO-EFFICIENCY-BRAKE HORSEPOWER 
CURVES, CONSTANT SPEED 


the diagrams and was assumed equal to the horsepower 
input of the pump, no allowance being made for belt 
slippage. 

Three series of curves have been plotted in Fig.1. At 
present, we shall consider only the set showing the rela- 
tion between head in feet and capacity in gallons per 
minute, the speed remaining constant for any one curve. 
As one might expect, the head decreases with increase 
of capacity (except with very small discharges), but the 
curves show that the maximum head does not occur at 
the minimum discharge, but at a point equal to about 
“ of the maximum. Had these curves been con- 
tinued, they would have dropped on a line approaching 
the vertical. From the fact that the curves are parallel 
or concentric, the relations of head and capacity can be 
casily established by simply sketching in a new curve for 
the desired speed, the curves established from the test 
data acting as guides. 


*From a paper read before the Western Society of Engineers. 


By F. W. Greve, JR. 


Figure 2 illustrates the changes in efficiency for 
various values of capacity when computed for a constant 
speed. Up to a certain limit, variable for each size or 
make of pump, the maximum efficiency and capacity are 
found to increase with an increase of speed. It may be 
noted that the point of maximum efficiency moves to the 
right or to a point of greater capacity, as the speed is 
increased. 


FIG. 2. CAPACITY-EFFICIENCY CURVES, CONSTANT SPEED 


For small discharges, the efficiency is practically the 
same at any speed. In general, each one of these curves 
resembles a semi-ellipse with the line of abscissae, or 
the capacity-line, as the minor axis. On this diagram, a 
maximum efficiency of 58 per cent is obtained at a speed 
of 1200 r.p.m. and not at the highest speed. 

The amount of horsepower supplied to a pump to 
give a definite discharge at a constant speed, is shown 


CAPACITY-BRAKE HORSEPOWER CURVES, CONSTANT 
SPEED 


Fig. 3. 


in Fig. 3. As one might surmise, the horsepower input 
increases with the discharge for a given speed until the 
point of maximum capacity has been reached, when the 
curve becomes horizontal. : 

The curves in Fig. 4 have been plotted between brake 
horsepower and revolutions per minute, the capacity 
remaining constant for any one test. Naturally, the 
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input increases with the speed. These curves have been 
developed with the aid of Fig. 3. On the latter diagram, 
the brake horsepower has been read to. give a constant 
discharge for the several speeds as plotted. 


Curves determining the range in head for various 
speeds (the discharge remaining constant), are shown 
on Fig. 5, which was developed from Fig. 1 in much the 
same manner as Fig. 4 was obtained from Fig. 3. The 
equations of the curves follow closely those of straight 
lines, and indeed for large quantities may be assumed as 
such. This diagram and the one preceding it are not of 
great importance by themselves, but are valuable in 
determining the curves in Fig. 1. 

Referring to Fig. 1, the series of curves drawn from 
the upper-left to the lower-right end of the sheet show 
the horsepower required to discharge any quantity of 
water against any head and at any speed within the 
limits of the pump. The method of determining these 
curves is illustrated by the following: In Fig. 4 let us 
locate the point of intersection of the lines of 700 r.p.m. 
and 5 b.hp. The capacity by interpolation will be found 
to be 340 gal. per min. At the intersection of the lines 
of 900 r.p.m. and 5 b.hp. the capacity closely approx- 
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FIG. 4. SPEED-BRAKE HORSEPOWER CURVES, CONSTANT 
CAPACITY 


e 

imates 145 gal. per min. Repeat to secure several values 
of discharge and speed for the given horsepower. In 
Fig. 4, the 3 lines of capacity, speed and discharge may 
be found to average at one point and then no interpola- 
tion is necessary. It may be well to remember that 
interpolation may be made of either the speed or the 
capacity, the horsepower alone remaining fixed. Trans- 
pose to Fig. 1 the values of discharge and speed for the 
given horsepower. Here again interpolation may be 
necessary. Connect the several points of equal horse- 
power in Fig. 1, and the result is a curve showing the 
power required under various conditions of speed, capac- 
ity and head. In the same manner, curves of any power 
within the requirements of the pump may be drawn. 
These curves are nearly parallel, or concentric, when 
the range in horsepower is small. This fact is of great 
importance, for when the power is required for which no 
curves have been drawn, a new curve may be sketched in 
with reasonable accuracy. 

In the general direction from the upper-right towards 
the lower-left side of the diagram, are shown a series of 
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curves representing the efficiencies. In a manner sim- 
ilar to that employed in obtaining Figs. 4 and 5, a series 
of curves could be plotted between efficiency and speed 
for any constant capacity. This is not necessary, because 
all the data needed are available on Figs. 1 and 2. In 
Fig. 2 the line of 40 per cent efficiency will be found to 
cross the line of 1000 r.p.m. at the points of 150 and 700 
gal. per min. Transpose these points of intersection of 
the lines of speed and capacity to Fig. 1, making use 
of all the speed curves drawn. Connecting the points 
of equal efficiency results in an Iso-Efficiency curve, or, 
in other words, a curve which shows the relations of 
head, speed, capacity, and horsepower required to give 
a definite efficiency. When by this method an insuffi- 
cient number of points have been plotted, or it is desired 
to check the results obtained, recourse may be had to 
Fig. 1. For instance, assume any point on one of the 
horsepower curves. The head and discharge can be read 
immediately, and by the aid of these 2 quantities the 
horsepower output of the pump is readily obtained. 
This pump horsepower divided by the horsepower input 
at the same point will give the efficiency at this point. 
Just as in drawing contour maps, it is possible to plot 
amy number of these points. For example, a head of 61 
ft. with a corresponding discharge of 559 gal. per min. 





FIG. 5. HEAD-SPEED CURVES, CONSTANT CAPACITY 


results in 8.6 hp. of work done by the pump. The horse- 
power input is 15 and the efficiency is found equal to 
57.5 per cent. With a head of 82 ft. and a capacity of 
416 gal. per min., the horsepower is 8.6, the horsepower 
input is 15, again resulting in an efficiency of 57.5 per 
cent. 

The efficiency curves are similar to the ellipse. The 
major and minor axes of each curve intersect in a com- 
mon point, or origin, about which the curves themselves 
are concentric. This point of intersection is also the 
point of maximum efficiency. Similar to the discussion 
of the brake horsepower curves, the fact that these Iso- 
Efficiency curves are concentric is very important. Effi- 
ciency curves which have not already been drawn can 
be sketched in with considerable ease and accuracy. 

The advantages of representing the performance of 
a pump in the manner explained are several in number 
and are of interest to both the engineer and the man- 
ufacturer. The most valuable fact brought out in the 
preceding explanation is that in any series of curves in 
Fig. 1 the curves are parallel or nearly so. Figures 2, 
3, 4 and 5 may be considered as supplementary to Fig. 1. 
Any question referring to the relations of speed, dis- 
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charge, head pumped against, horsepower input and out- 
put are quickly answered by reference to Fig. 1. In 
short, this diagram represents a map upon which the 
characteristics of the pump are indicated. It is the only 
one that is necessary to keep on file, thus reducing the 
amount of data to keep for reference. At the conclu- 
sion of a test, it is sufficient in itself in indicating the 
results obtained. 

When more than one diagram is used in representing 
test results there is danger of error when the eye is de- 
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flected from one diagram to another. Tables are often 
prepared in lieu of diagrams which also give rise to 
error due to necessary interpolation and to the compar- 
ison of results, summed up under several headings. 

In conclusion, the characteristic curves explained 
illustrate the results of a test in concise form; reduce 
the liability of error to a minimum; require the least 
amount of data to be kept on file or forwarded to a pros- 
pective buyer; and provide an easy method of compar- 
ison of various pumps. 


Cost Accounting in Engineering Department 
of a Modern Hotel 


TENDENCY OF ARCHITECTS AND OWNERS TO NEGLECT Power PLANT; Proper DistRIBu- 


TION OF CHARGES RESULT IN ECONOMICAL OPERATION. 


mechanical and electrical equipments of modern 

hotels, it is surprising that so little attention has 
been given to the development of more accurate systems 
of cost accounting of the engineering department in or- 
der to determine what proportion of the cost of oper- 
ating this department should be properly charged to the 
various portions of the hotel. 

It is one thing to say to the chief engineer to reduce 
expenses and another thing to put it in force without 
seriously affecting the various departments of any busi- 
ness unless a system of cost accounting has been de- 
veloped to such a high degree of efficiency that the engi- 
neer can, in co-operation with the management and the 
heads of each department, almost immediately determine 
what proportion of the general reduction each depart- 
ment can stand. Again, it frequently happens that there 
is a great waste in the use of steam, electricity, gas, 
water, etc., the elimination of which cannot be accom- 
plished as long as the various systems are treated as 
chargeable to general overhead. 

The writer has discussed this subject with a number 
of business men and found that after they have become 
convinced of the importance of a general change in the 
system of cost accounting, as I have suggested, they fre- 
quently ask the question: ‘‘How does it happen that 
engineers do not design the mechanical and electrical 
equipment to make it possible to put these suggestions 
into practice ?’’ 

There are several reasons why this has not been 
accomplished, the most important of which are: 

1. The architect and owners will spend thousands of 
dollars to produce a beautiful structure and equip it 
with all the modern appliances for the comfort and 
service of their guests and then finding their appropria- 
tion is being reached or exceeded will deliberately pro- 
ceed to cut the heart of the engineering equipment, ap- 
parently on the theory that any old thing will do that 
will keep moying. 

2. The architect and owners will instruct their en- 
gineer to study carefully every detail of modern hotel 
requirements and prepare plans and specifications to 
insure safety, comfort, rapid service and the reduction 
of cost of operation to a minimum, and then generally 
following the advice of a mercenary contractor who 
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knows nothing about the working of the front or back of 
the house, allow him to destroy the work of the engineer 
who may have spent months in studying ways and means 
to avoid the mistakes of others and produce a model of 
efficiency. 

3. The owners and management do not seem to 
realize the importance of skilled labor in their engineer- 
ing department and frequently make the allowance for 
this department so low that an efficient force is impos- 
sible. 

4. The owners and management, instead of bringing 
the executive and operating heads and the chief engi- 
neer together months before the opening of a hotel for 
the purpose of studying ways and means of reducing the 
operation and cost accounting to a science, usually wait 
until the house opens and then complain of the lack of 
smoothness in the general conduct of the house. 

In designing the power plant, the engineer should 
provide efficient means of handling the coal and ashes 
to reduce the labor to a minimum. Accurate devices 
should be installed for weighing the coal before it is fed 
into the boilers, and if space conditions permit, the coal 
should be weighed before it is dumped into the storage 
bins. In this way the coal delivered is accurately check- 
ed against the amount contracted for and the coal con- 
sumed checked against the amount delivered. Scales 
should also be provided for weighing the ashes as a 
check against the amount of coal consumed. 

Instruments should be provided to determine whether 
the firemen are getting full value for the coal consumed. 
The high pressure piping should be designed so that 
independent steam flow meter readings could be obtained 
from the mains serving the electric light and power 
engine, house service, hot water heater, ice machine en- 
gines, pumps and auxiliaries, boiler feeding pumps and 
auxiliaries, flat work laundry, house laundry, kitchen 
and serving pantries, floor service pantry, barber shop, 
bar and wine steward’s department, and the emergency 
high pressure lines connected into the heating system. 
The high and reduced pressure drips being clean, they 
are usually returned to the feed water heater or modern 
boilers. Condensation meters make it possible to measure 
this condensation accurately, and so that return can be 
credited to the plant. The water supply, whether from 
the city mains or from an artesian well, should be 
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metered. If from the city mains and there is more than 
one supply line, each line should be metered. It is cus- 
tomary in most modern hotels to have the water from the 
eity mains pass through filters, and discharge in one or 
more storage tanks usually equipped with manifold head- 
ers from which independent cold water mains are drawn 
to serve an apparatus requiring cold water. Each of 
these independent lines should be equipped with a meter 
as a check against the total consumption registered on 
the meters on the mains entering the building. It is 
customary to arrange the water piping for the ice mak- 
ing and refrigerating machinery so that the waste water 
from the condensers is carried back in the system; this 
waste line should be metered and the amount registered, 
deducted from the total amount required for this de- 
partment. The system of boiler feeding should be ar- 
ranged with main and auxiliary feed lines with inde- 
pendent measuring devices for each line. The easiest 
and most satisfactory way to accomplish this is to install 
not only the boiler feed pumps but the feed water heaters 
in duplicate. By such an arrangement the chief engineer 
can (assuming the supply, exhaust and drip piping is 
properly designed and cross connected) run a test on a 
part of the mechanical and electrical equipment without 
affecting the operation of the balance of the plant. 

The development of the 3-wire system by means of 
which we can obtain 120 v. for lighting and 240 v. for 
power from the same generator has made it possible to 
install motor-driven apparatus throughout the building, 
and since electrical indicating and recording devices for 
measuring the current consumption are now within the 
reach of all users of electricity, there is no excuse for 
any one in charge of a plant for not placing meters in 
general service and obtaining accurate records of light, 
heat and power consumed, not only in each operating 
department, public portions of the building, but for the 
room service, public and private baths, corridor and 
exits; provided, however, that the feeding systems for 
the various portions of the building have been designed 
for independent control. 

The same applies to the direct and hot blast heating, 
fresh-air supply, mechanical ventilation, elevators, dumb- 
waiters, ice-making, refrigeration, pneumatic tubes, vac- 
uum cleaning, hot and cold water systems, the low ten- 
sion signaling systems, ete. There are no doubt a num- 
ber of up-to-date engine and boiler rooms equipped with 
eoal, water, steam, electricity and air total consumption 
devices, which have developed a system of daily log 
sheets showing a record of such total consumption, to- 
gether with labor required to operate and maintain the 
boilers, engines, pumps, heaters, generators, switchboard, 
ete., and that with the cost of delivering and handling 
of coal, removal of ashes, cost of oil and waste and cost 
of city water being fixed by contract, the wage scale 
depending on the class of help required, the interest and 
depreciation charges established, the amount of steam, 
electricity, refrigeration, and air required for various 
purposes can be readily determined and the cost rate 
for item of consumption easily computed. 

Printed forms showing various methods of combin- 
ing the different items to determine the cost of produc- 
tion at the original source of supply appear from time 
to time in technical magazines read by engineers, and 
it would be difficult to suggest any one form that would 
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fit any case, since general arrangement of the apparatus 
and operating conditions should determine the exact 
method of computation. 

Accounting systems of all hotels no doubt differ as 
to the method of computing the various operating 
charges and it would be difficult to suggest a system to 
conform to the views of everyone, but for the purpose of 
this article, I would separate my costs about as shown 
by the sheets accompanying this article. 

In most up-to-date plants it is customary for a chief 
engineer to have one or more clerks whose duty it is 
to obtain the charts and log sheets from boiler, engine, 
ice machine, elevator and fan rooms, shops, chief elec- 
trician, etc., and compute the consumption and mainte- 
nance charges. To this staff should be added a com- 
petent accountant from the general office force whose 
entire attention should be given to compiling the records 
and computing the segregated charges and in turn pass- 
ing these charges on to the general office. One of the 
most important and most expensive items of operating 
expense, and often the bone of contention, is the cost 
of mainiaining the mechanical and electrical equipments, 
due in a great measure to the practice of not properly 
charging the cost of renewals and repairs to the depart- 
ment for which such renewals and repairs are made. 
In fact, it is not infrequent to find the maintenance 
charges applied so as to throw the burden of the greater 
portion of the charges upon the house, and thus make 
the cost of operating the power plant itself show up to 
a better advantage. 

My suggestion would be to create a department of 
maintenance under the general direction of the chief 
engineer. This department should include the chief elee- 
trician, plumber and machinist and their staffs and treat 
the department as if it were a jobbing shop. Fur- 
nish the head of each house department or authorized 
assistant with a properly detailed and numbered tripli- 
eate order book and make it an ironclad rule that the 
chief engineer or his duly authorized assistant should 
not permit renewals or repairs to be made until an 
order is properly prepared and signed. Upon receipt 
of such an order, it is time-stamped and turned over to 
the man in charge of the class of work required, by the 
order clerk, and the equipment requiring repairs or re- 
newals inspected and a descriptive requisition for the 
material required is turned into the supply room and the 
cost of such material and the labor required properly to 
earry out the order is charged against the department 
issuing the order. If, upon completion of the work, cer- 
tain materials are not required, the amount is shown on 
the return slip portion of the original requisition and 
original order is credited with the cost of the material 
returned. If the renewal or repairs is of such a charac- 
ter that it is necessary to purchase material from a sup- 
ply house or to have work done by an outside firm, the 
same system would apply with equally good results, ex- 
cept that the original requisition should be turned over 
to the General Purchasing Department or offices, and 
after the bills presented have been approved by the chief 
engineer, they are charged against the Department of 
Maintenance and Repairs and they in turn charge the 
cost of labor and material involved to the department 
for which the work was executed. 





The systems suggested may seem complicated and 
expensive, but once put in practice and the staff made 
to understand that they are part of the general account- 
ing system of the hotel, and any departure from 
them means dismissal, they would become so easy and 
avoid the dissension usually caused by inability to 
fix the responsibility for mistake that the work of oper- 
ating and maintaining the mechanical and electrical 
equipment of a hotel would be considered a pleasure and 
not a hardship. It would help the purchasing depart- 
ment to account for every dollar’s worth of supplies 
ordered. It would enable the management to obtain 
accurate figures at the end of each day (if necessary) 
for comparison with previous costs and by means of these 
to prepare curves showing consumption, renewals and 
repairs and their cost for daily observation. It would 
bring the chief engineer in closer touch with the execu- 
tive offices of the hotel, and he will become a valuable 
assistant to the management. 

It is most important that the chief engineer be a high 
grade man, capable of doing things, and imparting his 
knowledge to his staff so that the temporary or per- 
manent loss of the services of any man in any depart- 
ment will not cause the slightest reduction of efficiency 
in the operation and maintenance of the plant. If pos- 
sible, set aside a certain amount of the profits of your 
hotel each year to be divided among the deserving mem- 
bers of the staff of the engineering department, and thus 
encourage the men who keep your building going 24 hr. 
a day in the knowledge that they are in reality partners 
in the project and their reward depends upon their 
efforts, and I am sure you will find that these men will 
not only strive to reduce the cost of operations and 
maintenance, but will materially aid in establishing a 
more accurate system of cost accounting which will soon 
determine whether, as far as the mechanical and elec- 
trical equipment is concerned, the project is a success or 
a failure-—The Hotel Monthly. 


Boiler Repairs 
Sorr Patcu. By J. Howarp Coates 


SOFT patch may be termed a temporary repair, 

in fact it should be nothing else; for, due to the 

method of itg application, the expansion and con- 
traction of its integral parts are of such variance, that 
leakage except under constant vigilance is bound to occur 
with its attendant result, corrosion. 

To the uninitiated, a definition of the term soft patch 
will not come amiss, and even the initiated as well. A 
soft patch derives its name from the fact that a rubber 
gasket is employed to make a tight joint between itself 
and the defective plate. The edges of the patch are 
consequently neither scarfed nor calked; it is in the 
nature of a coverplate, blind flange or any packed flange 
joint. 

Because of its construction a soft patch is not ap- 
plicable to that part of a boiler which comes in direct 
contact with the products of combustion and conse- 
quently is not feasible except upon the external shell 
of internally fired boilers, and above the fire line in the 
steam space of horizontal tubular externally fired boilers. 
The method of application is the same in all cases. The 
circumstances naturally differ, depending upon the 
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necessary size of the proposed patch and the place, con- 
dition, thickness, ete., of the defective plate. 

Assume a hypothetical case in which a horizontal 
tubular boiler develops a defect,.due to corrosion or 
cracks about a steam connection on shell so that the 
nozzle requires removal and plate patched, a soft patch 
being feasible. 

First secure boiler plate of sufficient size and tensile 
strength. Bend it carefully so as to conform to the arch 
of the shell’s cireumference; in other words, secure a 
good fit. 

The proper size and number of cap screws or through 
bolts and their pitch must next be calculated. This will 
require a slight study. Many people assume that the 
more bolts or rivets used in a patch or joint the stronger 
it must become, calmly overlooking the fact that for 
each added bolt or rivet in excess of the necessary cal- 
culated number the strength of plate diminishes. Also, 
cap screws are not to be used unless the thickness of 
plate is sufficient to secure a full thread and good 
holding. The defective part of plate is then cut out and 
the edges smoothed to insure close application of the 
patch. 

When possible, the patch should be placed in the re- 
quired position and the bolt holes drilled through itself 
and the plate to be patched to insure absolute fairness 
and obviate the use of a drift pin; upon the use and 
abuse of which a volume might be written. 

The remainder of the operation consists of inserting 
gasket and bolts and screwing down tight, being sure to 
‘‘follow up’’ the bolts or cap screws, as the case may 
be, in proportions as the boiler warms up. 

For purposes of illustration, we will assume that in 
this case the defective plate cut out is 8 by 12 in., the 
thickness of metal 5/16 in., and tensile strength of 
plate 60,000 lb. The patch should be of same thickness 
and T. S. and large enough to employ a lap of 3 times 
the diameter of bolt or cap screw to be used. By using 
a 34-in. bolt the lap would become 214 in., making the 
patch 1214 by 1614 in., the bolt or cap screw circle or 
line would be 14 of 214 in., or 11% in., which, taken from 
full size of patch leaves 113¢ in. by 153 in., upon which 
we are to figure the pressure and the number and pitch 
of 34-in. bolts necessary. Assuming a pressure of 100 
lb. per sq. in., the ultimate patch pressure becomes 
113% & 153% & 100, or 17,489 Ib. 

The strength of a %4-in. bolt, based upon 6000 Ib. 
per sq. in. of eross section, is 1811 Ib., then 17,489 = 
1811 — 10 bolts necessary to secure the patch; these 
must be equally pitched. 

Another problem now confronts us, that of the weak- 
ened condition of the shell due to drilling for the bolts. 
The efficiency of remaining plate and bolts must be 
figured, and if less than the efficiency of the longitudinal 
seam a decrease in pressure is necessary. 

Supposing the bursting pressure of the shell is 750 
lb., the efficiency of joint 75 per cent, then at a safety 
factor 5, we have 750 < 0.75 — 5 = 112.5 lb. work- 
ing pressure. 

The patch longitudinal seam or joint has an effi- 
ciency of 60 per cent, we then have 750 0.60 + 5 = 
90 lb., or the safe allowable pressure. 

Happily, this method of repair is in most cases tem- 
porary and the dimensions are and should be small. 
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Electrical Machinery and Appliances 


For Generating, Transmitting and Using Current 


The Interpole Machine 


MetHop or Correctinc Distortion oF MaGnetic FLtux; Improving COMMUTATION 


AND AVOIDING SPARKING; 


HE interpole, commutating pole or regulating pole, 
variously termed, is now finding extensive use upon 
direct-current machines, both motors and gener- 

ators. Since the principal purpose of, the interpole is 
to improve commutation, it is most generally used for 
service in which sparking was formerly most prevalent, 
such as railway and other motors subject to wide load 
fluctuations. Variable speed motors are almost exclu- 
sively so designed; 500-volt motors are generally 
equipped with them and they are used for 1200-volt 














FIG. 1. UNIFORM MAGNETIC FIELD; NO DISTORTION 
motors, which are out of the question without them. 
High speed and high voltage generators and machines 
of the turbine type are now standard with interpoles. 
Since the interpole decreases the tendency to sparking 
and since sparking is a feature limiting the rating of 
a machine it is often possible to increase the ratings of 
standard frames by using interpoles, as this is done, 
heating and mechanical limitations are the only factors 
deciding the machine rating. With this variety of pur- 
poses and applications, the interpole finds a wide field 
of usefulness. 

The interpole improves commutation by opposing the 
forees causing sparking, which generally are due to 


ADJUSTING INTERPOLE SHUNTS. 


By Gorpon Fox 


armature reaction and inductance. Let us first consider 
armature reaction. Figure 1 shows how the magnetic 
flux flowing from a north pole through the armature is 
distributed in an ordinary 4-pole motor running without 
load. The heavy line illustrates the relative magnetic 
intensities under the poles and between them and it 
will be here seen that at a point midway between poles 
there is no magnetic flux, consequently no voltage is gen- 
erated in coils passing through that zone. Thus, the 


neutral point or proper brush position is midway be- 














FIG. 2. DISTORTION OF FIELD CAUSED BY LOAD 
tween poles (neglecting the throw of the leads from 
armature to commutator). Figure 2 shows how this 
distribution is changed when a load is thrown upon the 
motor. The current flowing in the armature coils has 
a magnetizing effect which tends to oppose or decrease 
the magnetism at one side of each main field pole and 
acts with or increases the magnetism at the other side, 
which results in the field and its relative intensities 
being distorted and shifted, as shown in the figure by 
the heavy line. It will be seen that coils passing through 
the zone midway between poles will cut some flux and 
will, therefore, have generated in them a low voltage. 
Since the coils under the brushes are momentarily short- 
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circuited by the brushes spanning 2 or more commutator 
bars, it is necessary that there be little or no voltage 
generated in them to avoid a local short circuit current 
which would result in sparking. The neutral point for 
this load is now at B, some distance from its no-load 
position. With each load there is a proper brush posi- 
tion which, on overloads, may amount to considerable 
shifting. Since on ordinary machines it is not feasible 
to shift the brushes with each change of load, they are 
asually set at an intermediate or compromise position 
between no load and full load neutrals. At this position 
the tendency to spark at no load, full load and overload 
is then a minimum. 

Next, consider the case of an adjustable speed motor. 
In these machines the speed is increased by weakening 
the strength of the main field, and while with a given 
load the armature magnetizing effect is the same 
as before, it is now much stronger in relation to the 
weakened field. In other words, the ratio of armature 














FIG. 3. DISTORTION CORRECTED BY USE JF INTERPOLE 
magnetizing effect to field magnetizing effect is greater, 
as the field is weakened to raise the speed, and the higher 
the relative armature magnetizing effect the greater is 
the armature reaction or shifting tendency. The distri- 
bution of the flux and relative intensities is then similar 
to those shown in Fig. 2, but the distortion is more 
marked; hence, if an ordinary shunt-wound motor has 
its speed raised by weakening the field, it soon com- 
mences to spark. 

If interpoles be inserted and properly magnetized, 
they can be caused to oppose the shifting teridency of 
the main field magnetism. It was seen that under load 
there is a resultant magnetic flux at the mid-positions 
between main poles. If the interpoles are inserted mid- 
way between the main poles, and so magnetized that they 
have an opposing tendency equal to this resultant mag- 
netism, then it will be possible to neutralize and con- 
vert this zone into a neutral one. This is what the inter- 
pole accomplishes, and the distribution of flux for such 
a motor operating under load is shown in Fig. 3. 
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Since the armature reaction or shifting tendency is 
proportional to the armature current, the strength of 
the interpole should vary likewise, which is accomplished 
by connecting the interpole winding in series with the 
armature and working the iron of the interpole at a 
point below saturation, where the magnetism varies ap- 
proximately as the magnetizing current. With heavy 
loads, the interpole becomes saturated, but under such 
loads the armature iron and main pole tips are also 
saturated and the shifting tendency is therefore mod- 
erated. 

In each armature coil of a direct-current motor the 
current is continually reversing. Each commutator bar 
is first under one brush and then under the other, so 
that the current is going into or out of that bar alter- 
nately, and a change of current in the coil causes an 
inductive kick such as occurs in a spark coil. When an 
armature coil is under the brushes, at that instant the 
current in that particular coil drops to zero from one 
direction and changes to the other direction. The 
change in current intensity and direction of blow causes 
a self-induced voltage in the short-circuited coil under 
the brush which opposes the change and tends to main- 
tain the current in the direction in which it was pre- 
viously flowing. This energy stored through inductance 
is dissipated in a discharge through the short-circuited 
coil and brushes and causes sparking. 

This effect is greatest in high-voltage armatures hav- 
ing a large number of turns in each coil with consequent 
large inductance. It must be borne in mind that the 
current in the active armature coils flows in a direction 
opposed by the generated electromotive force (in a 
motor) and in order to counteract the self-induced volt- 
age under the short-circuited coil the voltage in that 
coil should be caused to drop to zero and be built up 
in the new polarity to help the change in current direc- 
tion before the coil under the brushes is short-circuited. 
The south interpole shown, causes a magnetic field in the 
commutating zone which generates in the short-circuited 
coil a voltage in the same direction as the newly entering 
current and in opposition to the self-induced voltage. 
The interpole should therefore be strong enough, not 
only to counteract armature reaction, but also to create 
a slight field in the commutating zone to aid in the 
reversal of the current. q 

It was seen that a fixed relation of polarity must 
exist between interpole and main pole windings to obtain 


‘eorrect action. Interpoles of a motor should be of the 


same polarity as the next preceding main pole in a direc- 
tion against the rotation, while those of a generator 
should be of the same polarity as the next pole following 
in a direction with the rotation. If the armature leads 
of a motor be interchanged while the field leads are 
undisturbed, the rotation is reversed; but if an inter- 
pole winding is present, its connections must also be 
reversed. If the armature leads of a generator be inter- 
changed, the machine will not build up unless its rota- 
tion be also reversed, thus necessitating reversal of the 
interpole winding. Reversal of armature leads always 
means reversal of interpole leads, so that one armature 
terminal and one interpole terminal may be permanently 
connected and the armature-interpole circuit considered 
as a whole. 
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It was shown that the interpoles must have a certain 
proportionate magnetic strength in relation to the arma- 
ture magnetizing effect. It is a difficult matter to pre- 
determine exactly the proper interpole winding, there- 
fore machines are usually designed having interpoles 
stronger than necessary ; then, when they reach the test 
floor, the interpole winding is shunted by German silver 
wire or ribbon to any value desired, this being accom- 
plished by the following procedure: 

The machine is operated as a motor, first in one direc- 
tion and then in the other, by reversing the armature- 
interpole circuit. The brushes are shifted until the 
speed in both directions is practically identical. Then a 
load is thrown on the motor, and if the speed drops 
greatly under load, if violent sparking occurs or a loud 
humming sound is heard, the interpole is connected in 
the wrong direction ; otherwise it is correct. A full load 
is thrown on the motor and the speed taken. If the speed 
is higher than the no-load speed, the interpole is too 
strong; while, if the full-load speed is less than no-load 
speed by more than 2 or 3 per cent, the interpole is 
too weak. If, as is usually the case with new machines 
at the factory, the interpole is too strong, the motor will 
likely start to race or hunt. A German silver shunt is 


then connected across the interpole and the speed regu- - 


lation again tried. This process is repeated with various 
shunt values until the motor operates at the same speed 
at no load and full load, or perhaps slightly slower at 
full load. It is then well to check neutral positions by 
the ‘‘exploring’’ method later described for adjusting 
generators. If the motor be of the adjustable speed type 
the German silver shunt should be determined with the 
motor operating at maximum speed, since under this 
condition it is most delicate and accurate. 

If it is difficult to find the proper value of the shunt 
- quickly, the interpole ‘may be separately excited through 
a rheostat and the proper interpole current value deter- 
mined with full-load current in the armature. The 
resistance of the interpole may then be measured and 
the resistance of the shunt calculated, taking into account 
the proper current capacity in making the selection. In 
applying this method, care should be taken to break the 
interpole circuit when the main circuit is opened to stop 
the motor, as otherwise the voltage generated in the ar- 
mature revolving under the excited interpoles will cause 
flashing at the brushes, which are 90 deg. out of position 
with respect to the interpoles as main poles. 

Adjustment of generator interpole strength is carried 
along somewhat different lines. The generator is first 
run as a motor and the brush position for reversibility 
(equal speed in both directions of rotation) is deter- 
mined the same as for a motor. It is then connected 
as a generator and caused to build up to full voltage and 
given full load. If the interpole is reversed, violent 
sparking will oceur. The interpole being properly con- 
nected the position of the full load neutral is found by 
the use of a low reading voltmeter and exploring cords, 
which are made up from 2 pieces of No. 6 rubber cov- 
ered wire taped side by side and connected to a short 
section of lamp cord, the bared ends of the No. 6 wire 
being bent so that they will span from one commutator 
har to the next. Placing these terminals on the commu- 
tator at the brushes it is possible to locate the neutral, 
sinee at each side of the neutral the low-reading volt- 
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meter will register a voltage between bars. On one side 
of the neutral this voltage will be in one direction, on 
the other side of the neutral it will be in the opposite 
direction. The German silver shunt across the interpole 
winding is so adjusted that the full load neutral and 
no load neutral coincide directly under the brushes. 
If the interpole is too strong the full load neutral will 
lie in a direction against the rotation; if it is too weak 
the neutral will shift in a direction with the rotation 
with increase in load just as occurs in an ordinary 
machine, but to a lesser extent. 

It has been stated that a German silver resistance 
should be used to shunt the interpole winding. This 
may be modified by saying that if the machine is to be 
subject to widely fluctuating loads, the German silver 
shunt should be reactively wound upon an iron core 
worked below saturation. If a noninductive German 
silver resistance shunts the inductive interpole winding, 
when sudden load changes occur the self inductance of 
the interpole causes it to respond more slowly to changes 
in load current than the German silver shunt, and the 
proper ratio of interpole to German silver shunt current 
is not maintained at these instants when the interpole 
should have correct strength to prevent sparking. 


Experience in the Operation of 
Electrical Machinery 


By E. C. ParHam 


EGLECTING the no-load or magnetizing current 
of a constant-potential transformer, the primary 
current is proportional to the secondary current, 

as is shown by the following succession of actions. In- 
creased secondary current increases the opposing second- 
ary flux which neutralizes more of the primary flux 
and thus decreases the counter e.m.f. of the primary 
coil, thereby permitting the primary current to increase 
until the tore flux is restored to approximately its no- 
load value. In other words, the core flux is maintained 
at a practically constant value because the primary 
current automatically responds to changes in the second- 
ary current. 

With current transformers, the conditions are dif- 
ferent. The value of the primary current depends upon 
an external load over which the current transformer 
has no control. Assume that the current-transformer 
primary current, which is the current output of some 
generator, is kept constant at full-load value. A suit- 
ably calibrated instrument, placed in the secondary cir- 
cuit, will indicate the value of the primary current, 
although the secondary current to which the indication 
is due is but a small known part of the primary current. 
Owing to the fact that there are many more secondary 
than primary turns, the ampere-turns of the 2 windings 
are approximately equal and the opposing flux caused 
by the secondary is able to neutralize the flux of the 
primary to such an extent as to keep the core flux 
density below the value that would generate objection- 
able heating. 

Next assume the secondary to be short-circuited, an- 
other instrument placed in series with the existing one, 
and the temporary short-circuit (used to avoid opening 
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the secondary) removed. The secondary resistance will 
now be greater than it was with but one instrument in 
circuit and consequently there will be a tendency for 
the secondary current to decrease. Any decrease in the 
secondary current, however, increases the core flux be- 
cause less of the primary flux will be neutralized. The 
increased flux cutting the secondary turns increases the 
secondary e.m.f. and thereby restores the secondary 
current almost to its former value. Up to the instru- 
ment capacity of the transformer, additional instru- 
ments further increase the core flux and, hence, the sec- 
ondary e.m.f. The secondary current is thus maintained 
so close to the correct value that the error may be 
neglected except in precision work. 

The greater the number of instruments used in series, 
the greater will be this error, the hotter the transformer 
will become on account of the greater flux density at 
which the iron is worked, and greater will be the voltage 
to which the secondary insulation is subjected. 

If the secondary be opened, its flux-neutralizing 
capacity ceases entirely and the core flux density, due 
to the unopposed primary flux, becomes abnormal and 
the heat resulting from rapidly reversing the flux at 
this density soon raises the iron to a temperature dan- 
gerous to the coil insulation. Furthermore, this greatly 
increased flux cutting the secondary turns induces 
therein an electromotive force far exceeding that which 
obtains under normal conditions. These 2 effects tend 
to break down the secondary insulation. 


It is necessary to issue a warning against operating 
a current transformer with its secondary circuit open. 


HEATING AND SPARKING OF REPU™SION-INDUCTION 
Morors 


REPULSION-INDUCTION motors operating under nor- 
mal conditions are characteristically free from sparking. 
Even when irregularities exist, the sparking may be so 
slight as to mislead one who is accustomed to operating 
only the other kinds of commutator motors. 


An operator noticed that one of his press motors was 
overheating and was sparking; similar motors operating 


similar presses were giving no trouble. In an effort to 
determine the cause of the difficulty, the operator inter- 
changed 2 of the motors—a good one and the one under 
consideration. The trouble remained with the same 
motor. He then cit an ammeter successively into the 
stator cireuit of each of 3 duplicate press motors, which 
had evidenced no trouble, and found that the current 
required under regular working conditions was 21/, 
amp. The faulty motor was operating under exactly 
the same eonditions of load as were the 3 good motors 
just mentioned, but the ammeter when placed in its 
circuit indicated 5 amp. Since the full-load current 
rating of the motors was 3.8 amp., the motor under 
examination was carrying a current overload of nearly 
30 per cent. 

Reversing the compensating field connections only 
made matters worse. By shifting the brushes a little 
at a time, he found a position where the current was 
of the same value as for the good motors. He was now 
reasonably sure that the motor would not overheat, but 
as the sparking had not been lessened he called in a 
repair man whose examination disclosed an open-cir- 
cuited armature lead. This condition was indicated by 
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the burning out of the mica between diametrically oppo- 
site pairs of commutator bars. The repair of this lead 
resulted in perfectly normal operation. 


ExcessivE Pump Output 


THE AMOUNT of water delivered by a centrifugal 
pump depends, among other things, upon the speed of 
the impeller. The delivery and speed variations, how- 
ever, are not directly proportional to each other for, by 
reason of the characteristics of this type of pump, a 
certain per cent increase in speed produces a greater 
per cent increase in the amount of the water delivered. 
If, therefore,on account of high or low line voltage, or on 
account of design irregularities, the speed of the motor 
of a motor-driven centrifugal pump falls below or rises 
above the permissible 5 or 6 per cent variation, the 
water delivery may be materially affected; and, in the 
ease of increased speed, the motor may be seriously 
overloaded. All conditions will be covered in a specifi- 
eation stating the speed at which the pump shall deliver 
water at a certain rate without the motor temperature 
rise exceeding a certain number of degrees. 

A certain operator complained that his pump motor 
was running ‘‘red-hot’”’ on regular duty but was other- 
wise entirely satisfactory. Ammeters connected into 
the motor circuit showed the motor was heavily over- 
loaded. Measurement of the water delivery rate showed 
it to be about twice that which had been specified. The 
pump maker was notified and his subsequent investiga- 
tion revealed the fact that the wrong impeller had been 
supplied with the outfit. The pump manufacturer got 
out of his difficulty to advantage, however, because the 
operator was so much pleased with the water output 
that he had been. obtaining that he readily agreed to 
pay the difference in price between the motor that had 
been furnished and one large enough for the work.— 
General Electric Review. 


A MAN Is never as big as his job until he can make 
his job as big as himself, for the job is not the man until 
he makes it so. A little man in a big job can never 
stretch himself to cover the job, but a big man can 
always bring his job to his own size, and Nature pays 
men not according to what they do but how they do it. 

Your job will always give back to you just what you 
put into it. If you tackle it’with a grouch it will give 
back a greater grouch. If you go after it as if nothing 
in this splendid spherical world was better worth doing, 
it will give back the thrill of genuine accomplishment, 
than which there is no greater gain in life. 

Just doing a thing will never get you anywhere: you 
must learn to like doing it and then do it for the joy 
you find in it. 

Tackled in this spirit the meanest job becomes a 
beautiful thing, beautiful both to the creator and to the 
intelligent beholder. 

That man who lights a spark of pride in his eyes 
while showing the tools of his craft and the manner 
of it is living a larger life than a great many you and 
I may look up to as bigger men. 

Bigness is mental in men, after all, and if only you 
and I were but bigger ourselves we would always see 
the truth of it in measuring men and their jobs.— 


Logging. 
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Choice of Equipment 


DEVELOPMENT OF FoRMULA WHICH MAKES 


Comparisons SIMPLE. 


FTEN an engineer is called upon by the men in the 
office to recommend the type of equipment to be 
installed, in the event of additions to the plant. 

The question of ‘‘simple, compound, or turbine’’ often 
arises. Where exhaust steam is used for heating or sim- 
ilar purpose, or where floor space is very valuable, the 
question becomes, at times, complicated; however, there 
are many cases in which it is merely a question as to 
whether the more economical equipment will save enough 
to warrant the additional first cost. To do this, it must 
earn depreciation charges, interest, taxes and insurance 
on the additional investment required, and should pay, 
besides, the same profit that the rest of the plant re- 
turns to its owners. ‘ 

The general principles involved in this matter are 
assumed to be known to the average engineer, and atten- 
tion is here called only to the fact that the cost and 
evaporative quality of the fuel used are most important 
considerations. Second only to these, is the matter of 
load factor, for a compound engine, for instance, saves 
only while it is running, and unless it is kept operating, 
and hence saving, a large enough part of the time, the 
necessary saving will not be effected. The following 
formulas are developed to show at what annual load 
factor the required saving is attained, other conditions 
being given, and to show the various relations of the 
several factors entering into the calculation. 

D = Difference in the cost of the 2 installations being 
considered. 

e= Percentage of D which must be the minimum 

saving earned annually by the more economical installa- 
tion to warrant the additional investment. 

De 

—— == Amount in dollars, of foregoing. 

100 

P = Pounds of water evaporated by one pound of 
fuel under service conditions. 

S = Pounds of steam saved per indicated horsepower- 
hour by use of the more economical engine. 

C = Cost of fuel in dollars per ton of 2000 Ib. 

ce = Cost of fuel in cents per pound. 

H=Number of indicated horsepower-hours output 

De 
required to effect saving ; 
100 
De 
W = kilowatt-hours required to save 
100 


(measured 


at switchboard). 

K = Capacity of unit in kilowatts. 

L = Annual load factor required to effect saving of 
De 
100 

E = Overall efficiency of unit. 


Then, Fuel cost of one pound of steam = 


e 


By Henry B. Jones 
Se 
and Fuel cost of S pounds of steam = . 
° P 
Hence, Saving in cents per indicated horsepower- 
Se 
hour developed == ——. 
P 
De Se 
and H = —— 
100 
C 
But, ec = —. 
20 


100SC 
Hence, H = DPe ~ 
20 
DPe 
H = 0.2 ; 
SC 
T46H . 
Now W = E 
1000 
1000 W 


(1) 


and H = 
746 E 
1000 W DPe 
———— == 0.2 . 
746 E SC 
DPeE 
W = 0.1492 —, 
sc 

Singe there are 8760 hr. in one year, 

WwW 


L=——— 


8760 K 


Hence 


(2) 


DPEe 
(3) L=0.000,017,03 
SCK 

In this form (3) the formula is for use in caleula- 
tions concerning generating units. By inserting a fac- 
tor F — Mechanical efficiency of engine, formula (1) 
becomes 

DPFe 
(4) H= 03 
SC 

and we have a formula adapted for use in the case of 
engines in other classes of service. (3) may readily be 
transposed to give values for any of its factors, the 
others being assumed. Where 2 factors are unknown, 
curves may be plotted showing the relation existing 
between those two. 

There are a number of features to be considered in 
connection with these factors, which will be briefly 
touched upon. In general, 20 or 25 per cent should be 
a sufficient gross annual earning on the additional in- 
vestment required to secure the more economical in- 





268 


stallation. The amount D is sometimes limited by the 
pocketbook of the investors, but only-too often these 
men lose sight of the fact that the economic ideal is not 
‘‘the smallest possible investment, but rather the largest 
possible return per dollar invested.”’ 





DPEe 
= 0.000,0/7 
i , 703 SCH 


A=35KV.A(HW) 
c=% 


0.0090/7 03 XFOOXGXO.7X ZO 
FXISXF 
4=>0.204 
4=0.068 


=0./02 











SAMPLE CALCULATION TO DETERMINE 


INSTALL 


WHICH ENGINE TO 


The evaporative performance of the fuel depends, of 
course, upon the fuel itself, and upon the steam generat- 
ing equipment, and in lack of more definite data, it may 
be assumed from results obtained in installations sim- 
ilar to that proposed, where the same fuel is used. The 
saving in steam per indicated horsepower-hour may be 
taken from the guarantees of the builders of the equip- 
inent being considered, and usually would be the aver- 
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age of the differences in steam consumption at several 
different loads; for instance, 25, 50, 75, 100, and 125 per 
cent load. If, however, it is positively known that the 
unit will never run at less than half load, the figures 
at 25 per cent load should be ignored. 

The term ‘‘annual load factor’’ is here used to repre- 
sent the ratio of actual annual output to the greatest 
possible annual output with the unit carrying full load, 
24 hr. a day, 365 days a year. The overall efficiency 
of the unit is the kilowatt-hour output as measured at 
the switchboard divided by the indicated horsepower 
input as measured by the indicator, reduced, of course, 
to like units. In the case of an engine driving other 

B.hp. 

than electrical machinery, the efficiency is the ratio ’ 

L.hp. 

This formula in its various forms will lend itself very 

conveniently to cases involving condensers, or even the 

question of scrapping present equipment for newer, and 

more economical types, by merely paying proper atten- 
tion to the factors D and e. 

The accompanying calculations are the exact figures 
in an example which recently came up. In this case the 
question was between simple and tandem compound 
single valve engines direct connected to a 35-kv.a. al- 
ternator. 


Use of a Slide Rule 


Irs APPLICATION TO ENGINEERING PROBLEMS; 


Com 


PARISON OF SLIDE RULE AND LoGARITHMIC CALCULATIONS 


HEORY and general application of the slide rule 
it having been covered in previous articles, it is de- 

sirable to take up some more advanced work and 
further applications of the slide rule to engineering 
ealeulations. 


Heating SurRFACE OF TUBULAR BOILERS 


Let 1r be required to find the heating surface of a 
horizontal return tubular boiler 36 in. in diameter, 12 
ft. long and containing 160 2-in. tubes. 

As the heating surface of horizontal tubular boilers 
is the sum of the products of: 14 the circumference of 
the shell times its length; the cireumference of a tube 
times its length times the number of tubes; and 24 the 
area of the back tube sheet minus the combined area 
of its tube ends, it will be necessary to break this prob- 
lem up into parts. 

One-half the cireumference of the shell times its 
length is equal, in this ease, to 1% times 3.1416 times 3 
times 12, which may readily be obtained from the slide 
rule by setting 2 on B under 3.1416 on A; place runner 
over 3 on B; 1 on slide to runner; runner to 12 on B; 
and on A under runner find 56.7 sq. ft. 

The circumference of a tube times its length times 
the number of tubes is equal to 2 times 3.1416 times 12 
times 160, which product must, to reduce the result to 
square feet, be divided by 12. As, however, 12 divided 
by 12 is 1, we can readily drop that part of the work. 
We therefore set 1 on B under 3.1416 on A; runner 
to 2 on B; 1 to runner; runner to 160 on B, over which 
on A we find 1005 as the number of square feet of tube 
heating surface. 


Two-thirds the area of the rear tube sheet minus the 
combined area of its tube ends is found by subtracting 
the product of (2 divided by 12) squared times 0.7854 
times 160, from the product of % times 3 squared times 
0.7854. The first part of this process may be obtained 
by setting 144 on B under 4, the square of 2, on A; 
runner to 0.7854 on B; 1 to runner; runner to 160 on 
B, over which on A find 3.48. 

By inspection it is readily seen that 7% times 3 
squared is equal to 6; therefore, to find the product of 
6 times 0.7854 set 1 on B under 6 on A, and over 0.7854 
on B find 4.71 sq. ft. We now have 56.54 plus 1005 
plus 4.71 minus 3.48 or 1062.77-sq. ft. of heating surface. 


ENGINE ProBLEMS 


HAVING GIVEN the diameter of an engine cylinder in 
inches and the period of admission, it is required to find 
the number of cubic feet of steam in the cylinder at 
eutoff. 

Let the cylinder diameter be 26 in. and the stroke 
40 in., with cutoff at 5g stroke. Multiply the square of 
26 by 0.7854 by 54 of 40, and divide by 1728 to reduce 
to cubic feet. 

Set 1 on B under 26 on A; runner to 26 on B; 1 on 
B to runner; runner to 0.7854; right-hand index of B 
to runner; runner to 25, 5g of 40, on B; 1728 on B to 
runner and over right-hand index of B find 7.68 cu. ft. 
on A. 

The indicated horsepower of a steam engine is equal 
to the quotient obtained by dividing the product of the 
mean effective pressure times the length of stroke in 
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feet times the area of the piston in square inches times 
the number of strokes (equal to 2 times the number of 
revolutions) by 33,000. 

Having, therefore, a mean effective pressure of 38 lb. 
per sq. in., a cylinder diameter of 27 in., a stroke of 
32 in., and a speed of 57 r.p.m., the indicated horsepower 
of an engine may be found by dividing the product of 
38 times 27 squared times 0.7854 times 2 times 32 times 
57 by (33,000 times 12). The 12, in this case, is intro- 
duced to express the stroke in feet instead of inches. 

To solve this on the slide rule, set 1 on B under 38 on 
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From elementary electricity, we know that the re- 
sistance of a conductor is equal to a constant times the 
length of the conductor in feet divided by its cross-sec- 
tional area in circular mils. The constant referred to 
is the resistance in ohms per mil-foot of the substance of 
which the conductor is made and in the ease of copper 
is 9.6. 

To find the resistance per mile of copper wire 64 mils 
in diameter, set 1 on B under 9.6 on A; runner to 5280 
(feet per mile) on B; 64 on B to runner; runner to 1; 
64 on B to runner; over 1 on B find 12.3 ohms on A. 

















FIG. 1. RULE SET FOR 27 SQUARED, TIMES 38; ONE SETTING INSTEAD OF 2 


A; runner to 27 on B; 1 on B to runner; runner to 27 
on B; 1 on B to runner; runner to 0.7854 on B; 1 on B 
to runner; runner to 2 on B; 1 on B to runner; runner 
to 32 on B; 1 on B to runner; runner to 57 on B; place 
33,000 on B under runner; runner to 1 on B; 12 on B to 
runner; over 1 on B find 200 on A as the indicated 
horsepower. 

In the solution of this problem, a double setting was 
made to obtain the square of 27. By placing the left- 
hand index on C over 27 on D, we find the square of 27 
or 729 on A, thus eliminating an extra setting. The 
problem may then be carried on by placing the runner 
over 38 on B; 1 on B to runner and then in the order 
given. 2 

CoaL CoNSUMPTION 


Know1ne the amount of coal consumed in tons per 
week of 56 hr., and the indicated horsepower, the amount 


One electrical horsepower is equivalent to 746 w., 
and the horsepower expended in sending a current 
through a cireuit is equal to the product of the current 
squared times the resistance of that part of the circuit 
in question. We, therefore, know that if a current of 
15 amp. is foreed through a resistance of 220 ohms, 
the energy expended’ is equal to the product of 15 
squared times 220, divided by 746, found by setting 1 on 
B under 15 on A; runner to 15 on B; 1 to runner; run- 
ner to 220 on B; place 746 on B under runner and over 
the right-hand index of B find 66.3 hp. on A. 

Power in a 3-phase alternating-current circuit is 
equal to \// 3 times the current flowing in each line times 
the voltage across any 2 lines. 

Determine the electrical horsepower delivered by a 
circuit each line of which is carrying 100 amp. with a 
potential difference across the lines of 200 v. 
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Fig. 2. AREA OF PISTON Is 491.3 sq. IN.; DIAMETER FOUND BY SETTING 0.7854 ON B UNDER 491.3 ON A. OVER LEFT 
HAND INDEX ON B FIND 625, THE DIAMETER SQUARED ON A; UNDER 1 ON C FIND THE DIAMETER, 29 IN., ON D 


of coal required per indicated horsepower-hour may 
readily be found by dividing the product of the number 
of tons, times 2000 to obtain number of pounds, by the 
indicated horsepower times the number of hours the 
given amount of horsepower is being developed. 

Let the number of tons of coal used per week be 24 
and the indicated horsepower 300, then the number of 
pounds of coal consumed per indicated horsepower-hour 
is equal to the product of 24 times 2000 divided by the 
product of 300 times 56 found on the slide rule by set- 
ting 1 on B over 24 on A; runner to 2000; shift 300 
on B under runner; 1 on B to runner; over 56 on B 
find 2.68 on A. 

ELECTRICAL PROBLEMS 


Due To the average engineer being brought into such 
intimate contact with electricity and electrical machin- 
ery, a few problems on those subjects will be given. 


Set runner over 3 on A under which on D find 1.73, 
the square root of 3. Place 1 on C over 1.73 on D; 
runner to 2 on C; 746 on C to runner; under right- 
hand index on C find 4.63 hp. on D. 


COMPARISON OF SLIDE RULE AND LOGARITHMIC 
CALCULATIONS 


WHILE THE slide rule is accurate to within 4, and at 
most 5 significant figures, and can readily be used as a 
check on arithmetical work, a higher degree of accuracy 
may be obtained by the use of logarithms. The truth of 
this may be seen in the following, in which we have 
worked out a problem both with the slide rule and by 
logarithms and compared the results. 

Determine the diameters of the cylinders of a cross- 
compound engine having given a piston speed of 650 ft. 
per min., mean effective pressures of 10.32 and 77.5, of 
the low and high-pressure cylinders respectively and an 











indicated horsepower of 750 developed in each cylinder. 

We know that indicated horsepower of an engine 
may be found by dividing the product of the mean effec- 
tive pressure times the area of the piston times the 








HA= PLAN _ HR = 750 
oR ee . B= 77s 
A= HRX 33,000 
PLN 4M = 65 

LOG 33,000 = ¥.5/85/4 
| L0G 750 = 2. 87506/ 
AOIING WE HAVE 7.393575----------=---- - -(/) 

LOG 650 = 2.8/29/3 

Z¢ 77.5 = 1.889502 _ 

ADIWNG WE HAVE ¥,70221§--------------- ---(g) 
| 
(0) nivus 2) 7%393575 
4702215 
| 


2.09/360 = LOG AREA OF PISTON 
AREA OF PISTON = 0.7E8S54X DIAMETER SQUARED 


DIAME FEAR OF PISTON= [AREA OF PISTON 
0.78 54% 


LOG AREA PISTON = 2.69/360 


LOG 0.7854¥ = -/.89509/ 
SUBTRACTING WE HAVE 2.796269 


,. 398/24 


SAP’THYS, 1.398/34 IS THE LOG OF 


| 0-9 )ANMEZTER. 


25.0/5, THESE “ORE 25.015 INNS THE REQUIRE. We 








FIG. 3. HIGH-PRESSURE CYLINDER CALCULATIONS 


speed of the piston by 33,000, and from which by trans- 
position the area of the piston is equal to the product 
of the horsepower times 33,000 divided by the product 
of the mean effective pressure times the piston speed. 
Taking up the high-pressure cylinder first, the area. 
of its piston will in this ease be found by setting 1 on 
B under 33,000 on A; runner to 750 on B; place 77.5 





LOG 33,000 +LOG750 = 7.393575 


LOG 650 = 2.8/29/3 
LOG /0.32 = _/.0/3680 


ADDING WE HAVE 3.826593 
a 


% 393575 - 3.826593= 3.566982=LO06 AREA OF P/STON 


206 AREA OF PISTON = 3.566982 
L006 0.7854 =-/89509/ 


SUBTRACTING WE HAVE 3.67/89 / 


3.67/89/+2 = 4835945 


FROM TABLE OF LOG WE FIND THAT 4835945/SLOG6 OF 
68.54 DIAMETER /N INCHES OF LOW PRES. CYL/NDER 











FIG. 4. LOW-PRESSURE CYLINDER CALCULATIONS 


on B under runner; 1 to runner; 650 on B to-runner ; 
over 1 on B find 491.3 on A. As the diameter of a circle 


is equal to the square root of the quotient obtained by . 


dividing the area by 0.7854, we may set 0.7854 on B 
under 491.3 on A, and over the left-hand index of B 
find 625 the diameter squared; the square root of this is 
directly below on D or 25 in., as shown in Fig. 2. 
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_ In a like manner, the diameter of the low-pressure 
cylinder may be found. 

Set 1 on B under 33,000 on A; runner to 750 on B; 
dividing, place 10.32 on B under runner; runner to 1; 
650 on B to runner; runner to 1;eplace 0.7854 on B 
under runner; under right-hand index of B find 68.5 
on D. 

Figures 3 and 4 illustrate the logarithmic computa- 
tions and by a comparison of these results with those 
obtained by the slide rule, we have the following: 

Slide Rule Logarithms 
High-pressure cylinder diameter 25 in. 25.015 in. 
Low-pressure cylinder diameter 68.5 in. 68.54 in. 


Cooling Tower and Cooling 
Ponds* 


THEIR CONSTRUCTION, OPERATION AND 
PERFORMANCE. By W. G. STEPHAN 


OOLING or spray ponds oceupy large areas and 
are applicable only to plants where ground space 
is cheap. 

A spray pond consists of a large shallow reservoir of 
water, usually built of concrete and above which is 
placed a horizontal system of piping terminating in a 
number of specially designed nozzles which spray the 
hot water up into the atmosphere to be cooled. The 
pressure required at the nozzle varies from 5 to 10 Ib. 
per sq. in., the higher pressures giving the better re- 
sults. Pond areas required are approximately given 
by estimating 0.4 to 0.5 gal. of water cooled per minute 
per square foot of pond surface with a depth of water 
not exceeding 3 or 4 ft. 

Cooling towers are of 2 general types, the forced 
draft and the natural draft. Both consist of a steel or 
wooden frame mounted over a basin of water built either 
of concrete or of steel and of a size dependent upon 
the quantity of storage water needed. In both types 
the water to be cooled is pumped into the tower, where 
a system of horizontal troughs about 22 ft. from the 
ground level distributes the hot water over a series of 
baffles or checker work intended to break up the water 
into small drops or films, so as to permit intimate con- 
tact with the current of cooling air coming up from the 
base of the tower. 

In the forced draft type, the air circulation is caused 
by 1 or 2 power-driven fans located in the sides at the 
bottom of the tower. In the other type, the air cireula- 
tion is due to the draft of a chimney on top of the tower 
proper. The advantage of the natural draft type is its 
low cost of operation due to the fact that no power is 
expended in maintaining the air circulation, while its 
disadvantages are that its air circulation is somewhat 
dependent upon barometric and atmospheric conditions 
and that it occupies a larger ground area than the forced 
draft type. Where space is no factor and ground area is 
not important, the natural draft tower finds its par- 
ticular field. The average load factor for this type of 
tower is about 114 gal. per min. per sq. ft. of ground 
space, this being about % the area of a spray pond. 





*From a paper read before the Ohio Society of Mechanical, Electrical 
and Steam Engineers, 
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The advantages of a forced draft tower are that its 
air circulation is independent entirely of atmospheric 
conditions and the small floor space necessary. The 
average load factor of a forced draft tower is about 
6 to 7 gal. per min. per square foot of ground space, 
which is approximately 1/12 the area of a cooling pond 
and 4 the area of a natural draft tower. 

Both towers depend upon evaporation, convection, 
and radiation to reduce the temperature of the water. 
Evaporation is the most effective, convection is next in 
importance, while radiation is but a small factor. Con- 
sequently, cooling towers are arranged to evaporate as 
much water as possible. It is the aim of the designer 
to present as large and as thin a film of water to the 
air as possible, and to bring the largest possible volume 
of new air into intimate contact with it with the least 
power expenditure. 


The absolute limit to which the cooling of water may 
be carried is the dew point. In the best commercial 
practice today with forced draft towers, it is possible 
to cool water to a temperature about 15 deg. F. above 
the temperature of the dew point, while with the nat- 
ural draft tower a temperature 20 deg. F. above that 
of the dew point can be maintained. It is interesting to 
note that the drop in temperature can be made con- 
siderable but it seems to be more difficult to cool from 
95 deg. F. to 85 deg. F. for example, than it is to cool 
from 125 deg. F. to 85 deg. F. with the same atmos- 
pherie conditions. 


PERFORMANCE OF CooLING TOWERS 


PerHaps the most reliable and accurate tests ever 
made on cooling towers were those conducted by the 
Wheeler Condenser & Engineering Co. of Carteret, N. J., 
the results of which are printed in the accompanying 
table: 

Tests ON A Forcep Drarr CooLina TOWER 
AVERAGES OF 3-HOUR READINGS 


Water Air 
Temperature Temperature Humidity Quantity 

Deg. F. Deg. F. Per cent. measured 
by ane- 
mometer 
Cu. ft. 
_per min. 


53 900 
50 100 
51 400 
52 200 
50 600 
23 500 
15 575 


B. tu: 
per 
min. 





In Out 





105 84.7 


107.8 87.5 
112 88.5 
108.5 87 
109.9 90.5 
*632 116 98 94 800 
*630 135 115.8 102 000 


*Natural draft, fan not running. 

In later experiments made with a view to increasing 
the efficiency of the towers, the quantity of air was not 
measured but the following results were secured in 
which it is to be noted that the temperature of the out- 
going air is only 3 deg. F. below the temperature of the 
inflowing water. This test was made from a large in- 
stallation consisting of a special Wheeler-Balcke forced- 
draft tower. 


Water. Gal. per min. 
Temp. in 
Temp. out 
Temp. in 
Temp. out 


That it is possible to cool water below the temperature 
of the air, is evident. For example, take a day during 


110 000 
108 000 
124 500 
115 000 
103 400 


3200 
109 deg. 
97 deg. 
91 deg., humidity 59 per cent. 
106 deg., humidity 100 per cent. 


Air. 


which observations show a temperature of 90 deg. F. 
and a relative humidity of 50 per cent. The temper- 
ature of the dew point is about 68 deg. F. Adding 20 
deg. F. to this we would get a final water temperature 
of 88 deg. F. The atmospheric conditions stated above 
are usually dry. The monthly average per cent of 
humidity of localities in this country will vary between 
60 and 80 per cent. Standard cooling tower specifica- 
tions are, therefore, based upon a temperature of 75 deg. 
F. and 70 per cent relative humidity. 

The importance of securing the lowest practical tem- 
perature of cooling water is well illustrated by assum- 
ing an installation of a cooling tower in connection with 
a turbine, where each additional inch of vacuum is sig- 
nificant. <A difference of 10 deg. F. lower initial tem- 
perature of the circulating water in a surface condenser 
may mean the difference between a vacuum of 2734 in. 
and a vacuum of 27 in: Knowing the curve of perform- 
ance of the turbine, also the evaporation per pound of 
coal in the boiler room and the cost per ton of coal de- 
livered at the plant, it is quite simple to estimate the 
saving in terms of coal cost per year, due to 34 in. in- 
creased vacuum. 

Some of the most significant cooling tower installa- 
tions recently made are those where low-pressure tur- 
bines, condensers and cooling towers have been pur- 
chased in connection with old noncondensing reciprocat- 
ing engines. The capacity of such plants is almost 
doubled with the same boiler room equipment and a 
vacuum of 27 in. in summer is quite possible, with 28 in. 
during the colder months of the year. In such eases, if 
the cooling tower is of the forced draft type, it can be 
operated as a natural draft tower during the colder ° 
months, thus saving the power necessary to operate the 
fans. In most instances the power required to drive the 
fans will not exceed 114 per cent of the plant output. 


Flow of Water in Pipes 


Figuring THE DISCHARGE WHEN PIPE 


By J. W. Lepoux 


HE problem given in Practical Engineer of Jan. 15, 

page 134, is, in the writer’s judgment, very import- 

ant, and its solution should be indicated clearly, as 
engineers and other practical men frequently find the 
necessity of solving many cases of this kind. The prin- 
ciple to be used is well described on pages 16, 17 and 
19 of the No. 6A ecireular of the Simplex Valve and 
Meter Co., of Philadelphia, Pa. The flow of water 
through a combination of pipes of different sizes, laid in 
tandem, depends upon the following elements. 

If we let H be the total head to be consumed, this 
total head is made up of the sum of the heads used up 
in each element of pipe. In the first place there is the 
loss due to entrance, velocity and friction. In the second 
pipe, if it is larger in diameter the loss due to entrance 
can be ignored, but if it is smaller this loss has to be 
taken into account again; the velocity head is used only 
once and is determined from the velocity in the smallest 
pipe in the system, and the sum of all these heads is 
equal to the total head. The head due to velocity can 
only be determined by knowing the quantity of water 
flowing, which when once found will be the same in 
every part of the pipe combination, and then the veloci- 


VARIES IN SIZE. 








ties can be readily calculated from the simple rule that :* 

Velocity in the pipe in ft. per sec. = gal. flowing per 
24 hr., divided by (3530 times diam. of pipe in inches 
squared). 

With this velocity known, the velocity head = veloc- 
ity squared divided by 64.4. And when the velocity 
head is known, the entrance head can be taken as one- 
half the velocity head. 

Flow of water in long pipes is determined approxi- 
mately as follows: 

Gal. per 24 hr. = square root of ft. head lost in 
friction per 1000 ft. of pipe, times a coefficient which 
depends on the diameter of the pipe as follows: For 
4-in. pipe, coefficient is 59,000; for 6-in., 162,500; for 
8-in., 333,000; for 10-in., 582,000; for 12-in., 918,000; 
for 16-in., 1,880,000; for 20-in., 3,290,000; for 24-in., 
5,180,000; for 30-in., 9,060,000; for 36-in., 14,300,000; 
for 48-in., 29,350,000; for 56-in., 43,150,000; for 60-in., 
51,200,000; for 66-in., 65,000,000; for 72-in., 80,800,000. 

In the problem, there is 5000 ft. of 20-in. pipe and 12 
ft. of 12-in. pipe at the end with a 12-in. valve, the 
reservoir pressure being 80 lb. per sq. in. in or about 
185 ft. head. As the 12-in. pipe is so short, it may well 
be treated as a 12-in. orifice, since long pipe formulas 
would not apply, and the flow would be:t Gal. per 24 
hr. = square root of head lost in 12-in. pipe, times 
2.610,0 000. 

This equals the flow in the 20-in. pipe, which is: Gal. 
per 24 hr. = square root of head lost in 20-in. pipe times 
3,290,000. 

The total head lost will be that for the 12-in. section 

. plus that for the 20-in. section and equals 185 ft. From 
these 2 equalities we find that the head for the 12-in. = 
1.59 times the head for the 20-in.; head for the 20-in. 
5 times the friction head per 1000 ft., as the 20-in. pipe 
is 5000 ft. long; therefore, 6.59 times friction head per 
1000 ft. for the 20-in. pipe = 185, or the head loss per 
1000 ft. of 20-in. is 28.1 ft. 

Using this value we find the flow per 24 hr. in the 
20-in. pipe is 17,440,000 gal. And from this the rule 
for velocity gives 12.35 ft. per sec., which works out 
the velocity head = 2.4 ft., and the entrance head would 
be half that, or 1.2 ft., a total of 3.6 ft. lost in velocity 
and entrance. This is for the long line, and for the 
short 12-in. section, the velocity loss is negligible, and 
the entrance head is taken care of in the orifice calcula- 
tion. Correction for this 3.6 ft. loss of head would 
make the flow 17,200,000 gal. per 24 hr., which is not 
sufficient difference to warrant any correction, for, as 
the rules are based upon experiments, an error of from 
1 to 5 per cent is to be expected. 

For straight 5000 ft. of 20-in. pipe, the flow would 
be increased to 20,000,000 gal. per 24 hr., and with the 
combination described it would make no difference 
whether the short length of 12-in. pipe were on the 
upstream or downstream end. 

The 12-in. pipe being only one length, is entirely too 
short for use of long pipe formula, and the flow through 
it would be approximately the same as if the pipe were 
short enough to be considered .a 12-in. orifice, which 


may be taken as approximately Q = 2,610,000V/h 
Assuming this to be true, we can solve the problem 


under consideration as follows: 
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Q:2 — 2,610,000V/h,, 
and 
Qo. = 3,290,000Vh.. 
in which h,,= the entire loss of hegd through the 12-in 
short pipe, and 
h,) == the loss of head through each 1000 ft 
of 20-in. pipe. 
Q,.= the flow through the 12-in. pipe, gal. 
per 24 hr. 
Q.o==the flow through the 20-in. pipe, gal. 
per 24 Hr. 

Then as the 20-in. pipe is 5000 ft. long, we have 
5h.) + h,, == H, but as the total head is equal to 80 lb. 
pressure equivalent to about 185 ft., H = 185. 

As the flow through the 12-in. pipe is equal to the 
flow through the 20-in. pipe, 


2,610,000\/h,, == 3,290,000\/h,, 
Therefore, h,, = 1.59 h.o, and by substitution. 
1.59 ha, + 5 hy, = 185 
or Deo == 28.1 = the loss in feet per 1000 through the 
20-in. pipe. 

Therefore, Q., = ai AM) 440,000 gal. per 24 hr., but as 
we have not yet taken into account the velocity head 
through the 20-in. pipe, we find by calculation as de- 
seribed above, that the velocity is 12.35 ft. per sec., and 
therefore the velocity head is equal to 2.4 ft., and the 
entrance head lost, would be 1.2 ft., or a total head 
lost in velocity and entrance of 3.6 ft. This will apply 
only to the long line of pipe, as the short length of 
pipe has been figured as an orifice, and therefore, the 
entrance head has been taken into account in the for- 
mula. Making this correction of 3.6 ft. for the 20-in. 
pipe, would reduce the flow to 17,200,000 gal. per 24 hr., 
which is not sufficiently different from the results of the 
other calculation to warrant any correction. 

If this were simply 5000 ft. of 20-in. pipe, the flow 
would be increased to about 20,000,000 gal. per 24 hr., 
and with the combination described it would make no 
difference in the results whether the short length of 
12-in. pipe were on the upstream or the downstream end 


of the 20-in. pipe. 


*As formulas these rules become: 
Q=gal. per 24 hr. 
D= pipe diam., inches. 
V =velocity in pipe, ft. per sec. 
= velocity head. 
he = entrance head. 
h¢ = friction head per 1000 ft. of pipe. 
C= coefficient for figuring Q. 
ves = Q + (3530 D?) 
= V2 + 644. 


Ome Cvhy 
+Working with formulas, the computation is as follows, sym- 
bols as before: 


Qi2 = 2,610,000 Vhy2 = Qeo = 3.290,000 Vheoo 
hyo = 1.59 hgeo 
5hf20 + hy2 = 185 
5hreo + 1.59 hroo = 185 
hro9 = 28.1 


Qoo = 3,290,000 V28.1 = 17,440,000 gal. 

V = 17,440,000 — (3530 x 202) = 12.35 ft. per sec. 
hy = 12.352 + 64.4 = 2.4 ft. 

he =24+-2=12 





he = hy +2 





hy + he=24 + 12 = 36 
Corrected 6.59hr29 = 181.4 
hroo = 27.6 ft. 


Qoo = 3,290,000 V 27.6 = 17,260,000 gal. 
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Tubes and Columns 


In THE article entitled ‘‘Boiler Accessories,’’ in the 
Jan. 1 issue, page 26, the author says, in regard to the 
location of the water column: ‘‘. . . while others 
prefer to place it higher so that when water appears in 
the glass there will be a safe depth of it over the flues. 

valves or plug cocks should not be placed in the 
column connections. and it is advisable to blow 
the column out at least once a day.”’ 

I would like to make a few comments on all of those 
statements. I have always thought that to place the col- 
umn so that when water appears in the glass there is a 
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FIG. 1. WATER COLUMN CONNECTIONS 


few inches over the tubes, is not only a foolish practice 
but also misleading and dangerous. It allows room for 
a little ‘‘guessing’’-on the fireman’s part and guessing 
should be entirely eliminated from a fireman’s vocabu- 
lary. 

For instance, when the load is heavy and the pump 
is bucking and is just able to hold water by fits and 
starts, the water hangs just visible in the glass and 
occasionally goes out of sight. Then the fireman con- 
soles himself with the thought that there is still 3 in. 
over the tubes. He guesses it will show up in a minute, 
as he saw it only a few minutes ago. He keeps stretch- 
ing the time (I’ve been there myself) that it is due to 
show up according to his guessing and possibly when 
the load goes off, and the pump works a little better, 
it does show up and then he guesses it didn’t go low 
enough to burn the tube. No one knows whether the 
tubes got burnt or not and in a boiler thus equipped, 
there is no possible way of knowing; while, if the bottom 
of the glass had been on a level with the top of the 


tubes, the fireman could see when the water was low 
and if he didn’t stop firing then he would have no com- 
plaint to make if he attended his own funeral the nex 
day. A complaining fireman is a nuisance. 

The next is a flat statement that ‘‘valves or plug. 
cocks should not be placed in the column connections.”’ 
According to my notion, valves should always be placed 
in the column connections; if not in both, then by al) 
means, in the steam connection. The only argument ] 
ever heard against these valves is that someone might 
forget and leave them closed. Why not do away with 
the boiler blowoff valve for fear someone would forget 
and leave it open? 
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FIG. 2. AIR TRAP CAUSED BY BELLING TUBES AND EFFECTS 
OF ROLLING AND BELLING TUBE ENDS 


Insurance companies don’t want valves in the column 
connections, on the theory that they are unsafe. Their 
arguments have no weight if you take into consideration 
the fact that explosions mean business for the insurance 
companies. I always think of that when I hear inspect- 
ors argue against these valves on the water column. 

About a year ago, I had 4 water-tube boilers to nurse 
and care for and they had no valves that they could pos- 
sibly do without in accordance with the contract. The 
water was very muddy and about every week the water 
in the glass would get sluggish and we would know that 
the. column was about full of mud again. Why didn” 
we blow it out? We spent most of our time in blowing 
down water columns, but the blowoff pipes were 34-in., 
while the steam and water connections were 114-in. 
The 114-in. steam connection seemed well able to supply 
the little 34-in. blowoff pipe without using the bottom. 
or water connections, at all. It seems to me that if 
there are to be no valves in either connection. the blowoff 
pipe should have a capacity equal to both the steam 
and water connection in order to blow them both down 
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I leave it 


at the same time. 
column blowoff look awful on a boiler front ? 
to you. 

For the proper blowing down of the column, only 
the valve in the steam connection is necessary ; but it is 
well to have one in the water connection, also, so that 
the column could be shut off for repairs. It must be 
remembered that there are 3 test cocks on the column, 
2 valves on the glass, one valve on the blowoff pipe and 
a valve on the glass blowoff or drain pipe and any of 
these are liable to start giving trouble or leaking. It’s 
rather expensive to have to cut a boiler out and cool it 
down in order to replace or regrind the seat of a test 
cock. I have had to kill a boiler because a tee, in the 
\4-in. line to the gage from the top of the column, 
developed a sand-hole. If a valve in each connection is 
likely to give trouble, put a plug valve in the steam 
connection with an alarm whistle on it that would 
whistle all the time the valve was closed. This could be 
done by drilling a small hole from one side of the plug 
to the opening in the center of the plug and a hole in the 
side of the valve to which the whistle is attached. 

In the Jan. 15 issue, page 132, Geo. H. Wallace 
makes some statements that I can’t let pass. C. M. L. 
asks, ‘‘Why are some of the tubes in the mud drum 
of a Stirling boiler beaded ; should the ends of tubes and 
nipples be flared or beaded, and why?”’ 

A few of the highest tubes in the mud drum are 
always beaded by the erecting men. This is done to 
prevent air pockets forming in the top of the mud drum 
as the boiler is filled with water. The air would hold 
the water away from the shell and might cause it to 
burn before the circulation of the water removed this 
air, if it would remove it. I don’t know about that, as 
they always bead some of the tubes. 

Another good reason for beading some of them is 
that if the air pocket formed when the boiler was first 
filled for the hydrostatic test, some of the tubes would 
be protected by air and no water leak would show up. 
If 2 reasons aren’t enough, the third one is, that if air 
remained in the boiler during the hydrostatic test, it 
would take about 4 times as long to pump up a pressure 
with a hand pump. 

Speaking of beading or flaring tubes in water-tube 
boilers, Mr. Wallace says, ‘‘it is general practice 
to flare them 14 in. and roll them.’’ It used to be gen- 
eral practice to bead them all and they used to thread 
some of them in fire-tube boilers. This was done to pre- 
vent them pulling through the head. They got over that 
and now they first roll them and then flare or bell them 
and then roll them again. Probably there is a good rea- 
son for belling them, but I have never been convinced of 
its value. Does the flare make them tighter? No, it 
loosens them and they immediately have to be rerolled. 
Does the flare prevent them pulling through the header ? 
That’s foolish. I’m speaking of a water-tube boiler 
where the tube ends are not exposed to the fire. Bell- 


ing or flaring water tubes looks like an old custom that’ 


we haven’t had the nerve to drop yet. If I’m wrong, 
I’d like to hear from Mr. Wallace or any other authority 
on this subject. I’ll try to show’by sketches exactly 
what I mean. 

The tube, after the first rolling, is perfectly tight. 
Then the belling takes place. The pounding on the 
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beller tends to disturb and loosen the tube and the bend- 
ing back of the tube, with the outside edge of the hole 
through the sheet acting as a fulerum, tends to raise 
part of the tube off the seat; consequently, the tube 
leaks and has to be rerolled. This unnecessary bending 
of the metal in the tube can do it no good. 

F. R. Dany. 


A Central Station Argument 

THE CENTRAL-STATION solicitor will, in an effort to 
land business, sometimes resort to claims that contain 
considerably more than ‘a chemical trace of hot air. 
When this is the case, one may be assured that it is not 
due to ignorance, for the central-station solicitor is, as a 
rule, thoroughly up on things pertaining to power gen- 
eration and when he hands out a line of talk that does 
not fit the facts in the case, he is guilty of an attempt 
to deceive. 

We are all familiar with the argument advanced by 
the central-station man when he proposes that we sign 
the contract that furnishes us current at 114 cents a 
kilowatt-hour, shut down our plant and be happy ever 
after. 

Whatever there may be of merit in the average 
central-station man’s ‘‘selling talk’’ when trying for 
the dismantling of an isolated plant, it would be hard 
to beat the talk advanced by the booster of a municipal 
power plant in this locality when he tried to convince the 
people, through a daily newspaper, that electricity used 
as fuel, at 3 eents a kilowatt-hour, can compete suc- 
cessfully with natural-gas at 75 cents or $1.00 per 1000 
eu. ft. This booster who happens to be consulting engi- 
neer for the plant in question, states that ‘‘there are 
3200 heat units in a kilowatt of electricity,’’ that ‘‘ with 
gas at $1.00 per 1000 cu. ft., an equal amount of heat 
would cost a fraction over 3 cents, since it would take 
3 and a fraction cubic feet to produce 3200 heat units. 
But at best, natural gas produces only 750 heat units, 
which means 3-cent electricity is cheaper than our best 
gas at a 75-cent rate.’’ 

Now, it is pretty well established that a kilowatt-hour 
of electricity is equivalent to a little over 3400 heat 
units, also, that the natural gas supplied to consumers 
hereabouts develops very nearly 1000 heat units per 
cubie foot. Natural gas developing only 750 heat units 
is considered poor gas. : 

With a knowledge of the rudiments of arithmetic, 
anyone can prove that 1 cent’s worth of natural gas 
at $1.00 per 1000 ecu. ft. is 10 eu. ft. and will furnish 
10,000 B.t.u., which is as many heat units as are con- 
tained in 2.94 kw.-hr. of electricity or at a 3-cent rate, 
8.82 cents’ worth. Electricity may have advantages 
over natural gas as a domestic fuel, but economy is 
certainly not one of them. C. O. SANDSTROM. 


Friction and Engine Losses 

I nore that in the Jan. 15 issue, Mr. Wallace states 
in his letter: ‘‘The writer has changed soft packing all 
around on a compound Corliss engine, but the log did 
not reveal any change in general economy.’’ 

There may have been a slight improvement due to 
this change, but the influence of a packing is usually 
so slight that almost any other increase in friction would 
offset the benefits of better packing. 
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About the best way I know of for noting whether 
or not new packing is consuming more or less friction 
is to take the ‘‘stopping time’’ of the engine after clos- 
ing the throttle valve, both before the new packing is 
put in and after it is in. Starting from normal speed 
it is evident that if there is more friction the engine 
will stop more quickly than if there is less friction. The 
engineer should use such packing and such lubricant 
that the stopping time becomes a maximum. 

N. G. Near. 


Corliss Engine Cards 


THE ACCOMPANYING cards were taken from 2 very 
old Corliss engines. Card No. 1 was taken from an old 
George H. Corliss engine with the large loose form of 
wristplate shown by the drawing. While card No. 1 
shows most excellent lines, the one peculiarity of the 
high initial pressure on one side was puzzling at first. 
Although this same condition is frequently found, it was 
in a different way in this engine. When the whole gear 
had been lined and squared up, or trained, as it is 
usually called, card No. 1 was taken, and we found that 
we had this peculiar steam distribution; while a fine 
outline for a card, the slow admission on the one end 
and the quick on the other with its high initial pressure, 
was the puzzling part. 
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FIG. 1. CARDS FROM OLD ENGINES 

So we proceeded to find what was causing this. The 
rocker arm, M, was found to travel only on the one side 
of a vertical line, and this tends to throw the valve gear 
out. This was corrected, and yet the card was not per- 
fect. While the valve caps Nos. 1 and 2 were off for 
inspection as to the marks, we discovered that the one 
valve chamber was much larger in diameter than the 
other, and it was impossible to have the outside links a 
like length and perfectly trained, as we would expect 
to have on a true gear. This was caused by the valve 
chamber being bored out larger at the factory ; of course, 
we had to set the gear by the indicator, and by so doing 
produced an excellent card. 

Card No. 2 was taken from another old time Harris 
engine, 14 by 36-in., running 90 r.p.m., 540 ft. piston 
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speed, which is not a great piston speed, yet this engine 
shows a falling away of the admission pressure and this 
was caused by the steam line and the type of steam 
separator that was being used. It is usually expected 
that a good separator will form a reservoir for the cyl- 
inder supply. The separator was one of the types 
with baffles separate from the outside body and set in; 
so we took the baffles out and corrected the steam line. 





























FIG. 2. DIAGRAM OF OLD CORLISS ENGINE GEAR 


The loss from small, cramped steam and exhaust lines 
is much greater than most engineers realize, and we have 
many installations running that would soon pay for a 
new steam and exhaust line by saving in steam or coal. 
This is shown by card No. 2. The steam and exhaust 
lines were too small-and both obstructed. I can recall 
one large engine that was considerably overloaded and 
the plant was short for power. We removed an exhaust 
header, which was all right when the.plant was first 
built, but became too small as the load was increased. 
and by this we gained sufficient power to run on. It is 
not always the engine. C. R. McGaney. 


The Factory Fire Chief 


THE EDITORIAL, page 99 of the Jan. 1 issue under 
the above caption, suggests the following comment: 

City fire departments are required to drill every day, 
in addition to the many alarms to which they respond. 
By doing this, every man and horse knows just where 
his place is and what is expected of him. The factory 
fire chief should proceed along the same lines if he 
wishes to have an efficient company. It would be im- 
possible to drill every day, but he should have drill once 
or twice a week until the men are thoroughly familiar 
with the apparatus. ; 

The number of men required to handle the apparatus 
should be determined, that number selected from the 
force, and no one else permitted to handle any part of 
the apparatus except as a substitute. Each man should 
be appointed to a certain position and always work in 
that position. This will prevent the men from getting 
in each other’s way. It is also necessary that every man 
obey the orders of the chief. Sometimes false alarms 
are turned in for the purpose of drills; this is not a:good 
plan, as it tends to discourage the men. A better way is 
to use an alarm which they will all know is for drill! pur- 
poses only. Much can be done with a volunteer com- 
pany in the way of skill if they are properly trained. 
Last spring, the writer was a delegate to a Volunteer 
Firemen’s Convention. Among the other field events 
was a hose race in which 18 men pulled a hose ree] 250 
yd., coupled onto a plug, unreeled 4 lengths of hose 
and put on the nozzle in 37 see. 











Local laws govern the use of fire escapes and, to some 
extent, the construction of the building and the kind 
of fire protection required. In nearly every building 
will be found portable chemical extinguishers. This is 
a simple and reliable instrument for dealing with a small 
fire. The tank contains about 3 gal. of water, into which 
11% lb. of bicarbonate of soda has been dissolved. In 
the top of the tank is an 8-oz. bottle in which is placed 
4 oz. of sulphuric acid. When the extinguisher is held 
upright, the heavy lead or porcelain stopper fits the 
top of the bottle closely and the chemicals cannot mix or 
evaporate; but when the position of the tank is reversed, 
the stopper drops down, allowing the acid to trickle 
out slowly and mix with the charged water. This gen- 
erates a gas at a pressure of 80 to 120 lb., which throws 
a small stream for considerable distance. The stopper 
and nozzle of the hose are an important part of the ap- 
paratus, and should be made of lead to prevent corrosion 
from the acid fumes. Sometimes a porcelain stopper is 
used. In using this extinguisher, always have hold of 
the nozzle before upsetting the tank, te prevent getting 
a dose of chemicals in the face. The Board of Fire 
Underwriters requires that chemical extinguishers must 
be inspected and recharged yearly. To inspect and re- 
charge, the extinguisher should be discharged as in use 
at a fire to ascertain if it will work. Where there are 
many in use, it is often found that some of them will not 
discharge when upset. This may be due to the stopper 
sticking, nozzle being plugged up or the fact that at 
some time the tank: was tipped over and quickly up- 
righted again, which allowed enough acid to escape to 
neutralize the soda. To prevent this, the extinguisher 
should always be hung on the wall. Last spring, in test- 
ing 140, we found 8 that would not work, although all 
sre hung on the walls or posts. 

This type of extinguisher cannot be used for putting 
out fire around electrical machinery, as the water might 
do serious damage, and also the operator would be liable 
to get a shock. For this purpose a dry powder is used 
or a liquid extinguisher called Pyrene, a volatile liquid 
which is used in an apparatus not unlike an oil squirt 
gun. Pyrene is not a conductor and may be played di- 
rectly on live wires without danger of shock. 

Usually the fire pump in the engine room is of the 
reciprocating typesof massive construction and so de- 
signed that it cannot easily get out of order. In some 
plants, centrifugal fire pumps are used. The fire pump 
should be kept in good running order so that it may be 
instantly started if necessary. In some plants, the pump 
is under steam through a governor all the time and 
works at a slow speed to keep the pressure up, the 
water being bypassed to the suction or used around 
the building. When the fire hose is turned on, the 
sudden drop in pressure will cause the governor to 
open and speed up the pump. 

In other plants, the pump is not operated contin- 
uously. In this case, it should be run for 1% hr. about 
twice a week to insure its being in good order when 
wanted. Fire hose is expensive, and should be well 
taken care of, as it deteriorates more from standing 
idle than from use. After being-used, it should always 
be thoroughly dried out. If this is not done, the moist- 
ure will cause the rubber lining to become brittle and 
erack. This is done in all fire departments either by 
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suspending from one end in a tower or placing on a 
drying rack. The hose should not be allowed to stand 
on reels for more than 2 months without being laid out 
and having water run through it. It should then be 
dried out and not placed in a hot*place if it can be 
avoided, as the heat shortens the life of the rubber. It 
is worth while to take this trouble for it increases the 
life of the hose and insures its being in condition for 
use when wanted in an emergency. The standard fire 
hose usually consists of a 3-ply rubber lining covered 
with a single or double cotton jacket. Sometimes these 
2 jackets are made separately, but it has been found in 
practice that they should be interwoven together. Where 
they are separate, the pulsation of the pump will cause 
the inner jacket to work within the outer jacket, which 
action will wear it through; also, water leaking through 
a hole on the inner jacket will follow along to a weak 
spot in the outer cover and break through more quickly 
than it would if both were woven together. 

In certain classes of buildings, the hose may be al- 
lowed to remain in the reels for. years without being 
used. In this case, a hard woven linen hose without 
rubber lining may be used. It is impossible to make 
this as tight as cotton rubber.lined, and any dry linen 
hose will ‘‘sweat’’ some when water is first turned on. 
The material in the fabric, however, is such that it 
quickly swells from moisture, making it tight. 

The standard cotton rubber lined fire hose is tested 
to withstand a pressure of 300 to 400 lb. This is much 
higher than required for a private department and 
would require 4 or 5 men to hold the nozzle of a 214-in. 
hose line. The usual pressure is about 100 lb. In 
fighting a small fire, especially by an inexperienced 
company, the excessive amount of water used will often- 
times do more damage than the fire. This can be pre- 
vented to a great extent by using a shutoff nozzle instead 
of a plain nozzle. In ordering new fire hose, especial 
attention should be given to the couplings. Unfortu- 
nately, there has never been a standard thread which 
was universally used in connection with couplings and 
nozzles.. Different manufacturers have used a standard 
of their own, and what is standard in one part of the 
country may not be in another part. In consequence, 
a great confusion exists. This applies to city depart- 
ments as well as to private departments. A few years 
ago a serious fire broke out in a large city. A neigh- 
boring city was called on for help, but when the depart- 
ment arrived it was found that the thread of the hose 
couplings and fire hydrants were not the same and the 
hose could not be used. In ordering either hose or 
nozzles, the best way is to send a sample coupling to 
show just what is wanted. When this cannot be done, 
the outside diameter of the thread, the pitch and length 
of thread should be sent. 

In many. buildings, a sprinkler system is used, con- 
sisting of a network of piping near the ceiling, in which 
a high water pressure is carried. On the branch pipes, 
sprinkler heads are placed about 12 ft. apart each way. 
In these heads is a fusible seal, which melts at a tem- 
perature of about 155 deg., and in melting allows the 
heads to open. The fusing point of the seal is above 
the temperature of the room; but should a fire break 
out or the room become overheated from any cause, the 
excessive heat, which is always greater near the ceiling, 
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will melt the fuse and the room will be sprinkled and 
the fire held in check. An automatic alarm gives warn- 
ing when the sprinkler head opens. After the fire is 
out, the branch valve is closed and a new fuse put in. 
If there is any doubt in the mind of the factory fire 
chief as to just how to organize his fire fighting force, 
it would be wise to go to the nearest chief or other 
officer of a good paid department, who will be only too 
glad to give all the information he can to help the 
factory fire chief organize his men, as it may mean a 
great deal of help to the city department in case of a 
bad fire. ’ J. C. Hawkins. 


Wrong Method of Blowing Down Boilers 


In THE Feb. 1 issue, J. E. K. asks why his method 
of blowing down boilers is wrong. 

There are several good reasons why his method is 
not only wrong but extremely dangerous. In the first 
place, the blowoff pipe probably has one or more elbows 
in it, and when the pressure is suddenly released, the 
contents of the pipe will have a tendency to continue in 
a direct line instead of making the turn, thus rupturing 
the pipe at the elbow. If this does not happen, the 
matter which clogged the pipe is apt to become lodged 
in the elbow or even in the valve or cock and instantly 
stop the flow, thus causing a severe water hammer. 

Then, again, as I understand his letter, the blowoff 
pipe was red-hot. Now, it would be extremely foolhardy 
to remove the obstruction and allow the water to come 
in contact with the pipe when it is in this condition, 
and ‘especially when it is under pressure; if it did not 
cause an immediate rupture it would weaken the pipe 
so that that would be the result eventually. 

Of course, his method is practiced daily throughout 
the engineering world; but it is in direct conflict with 
the now almost universal rule of Safety First. 

R. M. PackINGHAM. 


Reactance Coil Design 


In A recent issue, there appeared an article by V. E. 
J., in answer to questions by C. D. These answers are 
so obviously incorrect and misleading that they deserve 
comment. 

The method of synchronizing under discussion was 
taken up on page 131 of the July 18, 1914, issue of the 
Electrical Review and Western Electrician. Only one 
phase is used, the unbalancing in synchronizing being 
negligible and the complications following the use of 3 
phases unwarranted. 

The formulas and data given to compute the re- 
actanee coils for synchronizing are not exact. By the 
use of Electrical Machine Design by Gray, the Induc- 
tance of Coils by Brooks & Turner (University of IIli- 
nois Experimental Station Bulletin No. 53) and section 
5 of the Standard Handbook for Electrical Engineers, 
‘C. D. will be able to find all the information required 
for the proper design of these coils. 

I wish to call particular attention to the value of the 
current density allowed by V. E. J., that is, one circular 
mil per amp. of current. This would mean that a No. 14 
B. & 8S. gage copper wire would be allowed to carry 
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8200 amp. and a No. 0000 wire, 423,000 amp., which 
values are 512 and 1355 times the maximum allowed by 
the Underwriters’ rules. 

As the current required to fuse a copper conductor 
d in. in diameter is equal to the product of 10,244 times 

3 
the — power of d, a No. 14 wire will fuse at 166 amp. 

9 

and a No. 0000 at 3200 amp. or at 0.02 and 0.0075 
respectively of their allowable density according to the 
figures of V. E. J. 

As machine design is my hobby I would, if C. D. 
still desires, be glad to help him on the design of these 
coils. H. E. WeigHTMAN. 


Tubes of a Stirling Boiler 


On PaGE 131 of the Jan. 15 issue, pertaining to the 
tubes of a Stirling boiler, the writer is somewhat sur- 
prised at the answer given to question No. 3: ‘‘Why 
are some of the tube ends beaded in the mud drum of a 
Stirling boiler ?’’ 

The answer in brief stated that there was no par- 
ticular reason why the ends of some of the tubes in the 
mud drum should be beaded, as the ends of the tubes 
in the upper drum are only flared and expanded. It is 
my experience that it is very essential that several of 
the tube ends in the rows which enter the mud drum 
at the highest point should be beaded, for the following 

































LOCATION OF STEAM POCKET WHEN NO TUBES ARE BEADED 


reason: to avoid the formation of air pockets which 
would take place around the tube ends that have a 
projection of not less than 14 in. when filling the boiler 
with water, which, after the boiler was placed in service, 
would become steam pockets (see figure), thereby expos- 
ing the ligament between the tube holes to overheating 
and possible fracture, or causing grooving of the plate 
around the tube ends which would eventually result in 
fracture, and it can easily be seen that it would be almost 
impossible to make a permanent and satisfactory job of 
repairs should some of the ligaments between the tube 
holes fracture, the upper portion of the mud drum being 
honeycombed with tube holes; furthermore, the efficiency 
of the tube ligament in this type of boiler is only 0.458 
as compared with the solid plate, and it would need the 
failure of only a few of the ligaments between the tube 
holes in the same row to cause disastrous results. It 



















can now be plainly seen that beading some of the tube 
ends in the lower drums, allows the air bubbles which 
would collect around the projected tube ends, free escape 
through the tubes beaded to the upper drums. 

Some of the early built boilers of this type did not 
have any of the tube ends beaded, and defects as stated 
have been experienced, but of late years trouble of this 
nature has been eliminated. Nevertheless, the lower 
drum of this class of boiler provides a great field for 
close observation and study. I might say that the Erie 
City Boiler Works beads several of the tube ends in the 
lower drum of its vertical water-tube boilers for the 
same reason. I also notice that the person who has 
answered the questions under consideration is of the 
opinion that it would be of assistance in the circulation 
of the water in the boiler to bead the tube ends, by sd 
doing considerably reducing the frictional losses occa- 
sioned by the projection of the tube ends. Here again 
I differ from him, as I think that the resistance offered 
by the projection of the tube ends in this type of boiler, 
if not allowed to project more than 1% in., is so small 
as to be of no account; furthermore, if the feed water 
contains only a slight amount of solids, they are invari- 
ably found to adhere in the form of scale to the projected 
tube ends, which they would not do if there was any 
appreciable resistance set up to retard the flow of cir- 
culation. Another statement made in answer to the 
question referred to is, that if the tubes were beaded, 
it would be impossible to remove them without injuring 
the tube holes in the sheet, and I would say that to my 
personal knowledge many beaded tubes have been satis- 
factorily removed and replaced by new ones without 
causing any distortion of the sheet or damage to the 
tube holes, more especially in the Cahall vertical tubular 
boilers, which have all the tube ends beaded in the top 
and bottom drums. BoILER INSPECTOR. 





Care of Heating System 

[ wAveé read the letter of R. L. in the Feb. 1 issue, 
relative to trouble with his heating system. 

Heating systems, as a rule, seem to be a secondary 
matter with most engineers; they do not overhaul, repair 
and take the same care of them each year as they do 
of the rest of theiy plants, letting that part go until 
trouble appears, which, of course, is in cold weather, 
and at a time when good heating service is needed the 
most and when they have the least time to make repairs. 

In the plant where I am employed, we have 50,000 
ft. of radiation besides hot water tanks, ete. I always 
make it a point to overhaul thoroughly vacuum and 
boiler feed pump each summer. I also thoroughly clean 
all motor seals and thermostatic valves on the return 
end of radiators as, if there are leaks of steam at these 
points, it will break up your vacuum on the suction 
line of the pump and thus retard the circulation of 
steam. In this plant, our buildings cover 3 or more 
blocks, and the plant is just about centrally located. 
No matter how severe the weather is, we never carry 
above atmospheric pressure on the mains at a point 
just beyond the low-pressure side-of the pressure reduc- 
ing valve, and I never use any cold water in the con- 
denser on the suction line of the pump. My returns 
come back at a temperature of 185 to 190 deg. F., and 
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I am able to maintain a vacuum of 5 to 7 in., which 
is very good with that temperature, and your system 
will have to be pretty tight. 

Now, if R. L. will see that his pump valves and seats, 
packing, ete., are in good order, get a vacuum on his 
system and go around and test for leaks at valve stems, 
unions, ete., to radiators and be sure that all interiors of 
valves and traps on the return end of radiators are 
clean and properly set, he will be able to heat his build- 
ing without carrying any pressure above atmospheric, 
except on the line running to drying boxes. 

If it is convenient, I would run a separate line to 
these boxes, install a pressure reducing valve on it and 
a good return trap and carry just enough pressure that 
the trap easily handles the returns, which would require 
3 or 4 Ib. of pressure. 

If he wants to discharge these returns into the suc- 
tion line of his vacuum pump, he will have to use a 
vacuum return trap, of which there are good ones on the 


market, as the common trap is apt to leak steam. 
J. H. Norton. 


Repair of Corliss Valve Gear 


THE ENGINE was running as usual when the hook 
spring holder broke off and left the hook free to swing. 
The trip lever on the hook came in contact with the 
plate block on the arm, on its downward movement, 
and broke the arm, as shown in the sketch, and bent 
the dashpot rod. The arm was temporarily repaired by 
shrinking an iron band around it to hold it together. 














CRACKED ARM OF CORLISS VALVE GEAR, AND METHOD OF 
REPAIR 


The nut that holds the hook on had to be reduced to half 
its thickness so as to pass the band. The band held the 
arm together until a new one was received from the 
maker. The cracked arm is to be welded together, as 


the band is working loose, and is to be kept in reserve. 
L. K. 


Feed Water Temperature in Massachusetts 


In THE Feb. 1 issue, W. E. Chandler states that 
Massachusetts requires that the feed water must enter 
the boiler at 150 deg. F. Massachusetts only requires 
a usual feed water temperature of not less than 120 
deg. F. when the pressure allowed exceeds 25 lb. per 
sq. in. J. L. TouMAN. 
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Questions Answered and For Answer 


Expert Help When In Trouble. If You Want 
Quick Answer Enclose a Stamp 
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Storage Battery Operation 


KINDLY EXPLAIN the proper method of charging a 
60-cell battery, the charging rate to be 2 amp. and the 
rate of discharge, 1 amp. for 20 hr. These cells are to 
be charged by an 80-v. direct-current compound-wound 
generator. 

2. How many 16-ep. lamps should be used as a re- 
sistance ? 

3. How siouid they be connected ? 

4. Kindly make a diagram of connections, including 
a Gould Storage Battery Co.’s switchboard, and show- 
ing proper point of connecting a one-way reading am- 
meter. W. B. E. 

A. It is not usually good policy to charge storage 
batteries from compound-wound generators, unless spe- 
cial care is taken that the battery voltage at no time 
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FIG. 1. 


is greater than the generator voltage, and that no cur- 
rent can flow from battery to generator. In your par- 
ticular case, 60 cells, in order to be charged from an 
80-v. circuit, will have to be divided into 2 batteries 
of 30 cells each. The average voltage of each cell varies 
from, say, 1.8 to 2.3 v. This would mean a total battery 
voltage of from 54 to 69 v.—which is sufficiently far be- 
low the generator voltage to eliminate any danger of 
““feeding back.’’ If there is, however, any such danger, 
it would be advisable to install some type of reverse- 
current protective switch. 

2 & 3. In caleulating the number of lamps to be used 
as resistance in storage battery charging, it is customary 
to allow 2 v. charging potential for each cell. This 
would be 30 times 2 or 60 v. total drop across each 
battery with 80 — 60 v., or 20 v. to be consumed in 
external resistance. As there is to be a charging current 
of 2 amp., there will have to be a sufficient resistance 


inserted in series with the cells to cause a drop of 20 v. 
with a 2-amp. current flowing. And as 20 divided by 2 
equals 10, a 10-ohm resistance having a carrying capac- 
ity of at least 2 amp., must be used for each set of cells. 

As 16 candlepower lamps are to be used, the caleula- 
tion is as follows: 

Assume 50 w. per lamp. Then 50 divided by 80 
equals 0.625 amp. as the normal current carrying capac- 
ity of one lamp. Eighty divided by 0.625 equals 128 
ohms, the resistance of each lamp. This is somewhat 
higher on a carbon lamp when cold. 

The problem then becomes one.of determining how 
many 128-ohm resistance units will be necessary to pro- 
duce a total resistance of 10 ohms. One hundred and 
twenty-eight divided by 10 equals 12.8 units, or say, 
13 lamps. 

Hence, for each battery of 30 cells, 13 lamps in 
parallel must be used. Thirteen times 0.625 equals 8.1 
amp. carrying capacity. So there is ample eross sec- 
tion of carbon to carry the current. 
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FIG. 2. ILLUSTRATION OF METHOD EMPLOYING THE CAD- 
MIUM ELECTRODE TO DETERMINE THE CHARGE AND 
DISCHARGE OF A BATTERY 


You give no data concerning the load on the batteries 
—but it is evident from the above that if it were pos- 
sible to reduce the voltage of your generator to from 
54 to 69 v., your cells could be charged much more effi- 
ciently, as there would be no loss in resistances. 

In charging with lamps, no provision is made for 
maintaining constant current during the charge. These 
variations are caused by the change in the virtual re- 
sistance of the cell from its ‘‘discharged condition’’ to 
its ‘‘charged condition.’’ They are in small sets like 
yours—not enough to make much difference, but if it is 
desirable to regulate accurately, it will be necessary 
to have extra lamps in parallel, arranged so that one at 
a time may be switched out, thus increasing potential 
across battery as the charging continues. 

4. You do not give sufficient data in regard to the 
Gould. board which you have, to include it in the ad- 
joining sketch; but the schematic nature of the diagram 
will perhaps suggest the manner of its connection. 











This system of connection permits of readily con- 
necting cells in parallel for charging, and also fur- 
nishes a convenient means for connecting cells to either 
charging lines or to their connected load. When cells 
are discharging, lamp banks, of course, must be short 
circuited. An additional pair of switches would permit 
either battery to be charged alone. An ammeter in 
series as at A and A’ would be convenient for noting 
constancy of charging current, and regulating it by 
means of cutting lamps into or out of circuit. 

Perhaps the best way to determine the condition of 
charge or discharge of a cell, is by means of a cadmium 
electrode. This is inserted into the electru:yte, being 
careful not to touch either the + or — plates. On 
charge there should be a potential difference of 2.35 v. 
between the cadmium and + plate (charging current 
still flowing) and a difference of about 0.2 v. between 
cadmium and the — plates. The cadmium should be 
positive to the + plate and negative to the — plate. 
When fully discharged—that is, down to 1.8 v.—the 
voltage should be, 

from cadmium to + 2.05 v. 
from cadmium to — 0.25 v. 

Cells should, of course, be discharging at normal rate. 
When cell is discharged, the cadmium electrode will be 
positive to both + and — plates. 

Figure 2 from Lyndon shows these conditions graph- 
ically. V. E. JOHNSON. 


Water Slip in Pumps 

WITH AN inside packed piston pump, how can I tell 
whether water is slipping past the pistons? 

A. Water slip may be caused by one of 3 things. 
Water slip may be past the pump piston or past the 
pump valves; or, it may be the passing of water from 
the suction to the discharge, that is, from one end or 
side of the pump to the other, due to defective gaskets. 

When a pump is in first class shape, it will do the 
required work at normal speed. As the packing and 
valves become worn, the water slip will be increased and 
the pump will be required to operate at a higher speed 
to give the same capacity. 

On a simplex pump, water slip may occur without 
any change in the operation of pump with the exception 
of higher speed te make up for the loss due to water 
slip. This simply calls for repacking the pump piston, 
examining or replacing the pump valves and seeing that 
the gaskets on the pump end are in proper shape. 

On a duplex pump, water slippage not only necessi- 
tates the pump’s being operated at higher speed, but also 
affects the action of pump. The valve movement is such 
that one side throws the steam valve on the opposite side. 
If the packing in the pump piston on one side is badly 
worn, causing water slip, or if the valves on one side 
are in worse shape than those on the opposite side, the 
pump will operate irregularly. The side on which the 
greater water slip occurs will take a long, quick stroke, 
while the side that has the least water slip will take a 
short, slow stroke. 

To overcome the trouble of water slippage on a 
duplex pump, it is first necessary to examine both sides, 
repacking the pump pistons and refitting the pump 
valves, placing them in first class shape. The pump 
must be packed evenly on both sides so that the friction 
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on one side will not be greater than that on the opposite 
side. The valves should also be in. the same genera! 
condition on both sides of pump. 

On either a simplex or a duplex pump, if the pump 
is of the valve plate and cover pattern, water slippage 
or loss may occur between the 2 sides or 2 ends of the 
pump. If the partition in the center of pump, between 
the suction valves, which divides the 2 sides will not 
hold a gasket, water will be bypassed, resulting in loss 
in the capacity of the pump. 

Dean Bros. SteEAM Pump Wks., N. Dean. 


Determining Clearance 

Ir you just took charge of a plant having a high- 
speed engine, how would you find out the clearance on 
each end, if there were no marks for striking points 
and no time to find them, and you had to start up in 
a few minutes? Ce. 7. 

A. In taking charge of a new plant, no matter what 
the capacity may be, one must use his best judgment, 
as there are no set rules as to procedure. Generally, 
when a new engineer enters a plant, there is time enough 
to become, in a way, familiar with at least the general 
surroundings, which will give him an opportunity to 
trace out the piping and the necessary valves. 

If time enough is permitted, the engine can be looked 
over if not already in. operation. Indeed, if it is in 
operation, that eliminates much possible trouble for the 
beginner in that particular plant, as the fact that the 
engine is running, is sufficient evidence that it will run. 
But if, as stated in the inquiry, the engine is required as 
soon as the new man enters the room, he must keep his 
head and use his best judgment, making note of every 
little detail that meets his eye or ear. For instance, if 
the rods and connections have not been disturbed for 
some time, there is formed a light black coating or hard 
erust where the nut sets against the adjoining part, 
and if this coating has been disturbed, it is sufficient 
evidence that these parts have been moved for some 
purpose, good or bad, and the newcomer must decide 
from evidences at hand and also from such knowledge 
as he may have, as to the conditions accompanying the 
change of engineers, whether these parts have been 
moved to no good purpose. 

On Corliss engines, look over the valve gear closely 
for these evidences as described above, although the 
knockoff rods may have been adjusted frequently for 
good reasons. In high-speed engines, look over the 
nuts, ete., in the governor and connections between it 
and the valve. On all engines (unless of large size, or 
those having a keyed piston rod in the crosshead) look 
at the piston rod to see if this tell-tale coating has been 
disturbed. 

This brings the matter up to the question as asked. 
If the piston rod has been unscrewed, you can generally 
see the amount by examining the thread closely; but if 
the rod has been screwed into the crosshead, the clear- 
ance cannot be learned so easily. 

If the necessary men and means are at hand, it is 
good policy to turn the engine over by hand at least 
once, and if no obstructions are encountered, there is 
‘‘striking’’ clearance at each end, although owing to 
large striking clearance in high-speed engines, as a rule, 
it may not be equal. 
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If the cylinder has indicator connections, a piece of 
lead, or strip solder, or even a bundle of fuse wire in- 
serted at the opening before the engine is turned over, 
will assist in determining the clearance at each end. 

Of course, the first consideration is to start the 
plant, as any delay in starting, on the part of a new 
engineer, has a tendency to lower his standing as a 
mechanic, both with employer and employes, and this 
makes his pathway all the harder. ; 

The writer was once called upon to act as substitute 
for an engineer who was taken suddenly ill, and entered 
a strange plant an hour before starting time, with no 
light but a lantern until the lighting engine was started. 
There were 2 high-speed engines, one for light and one 
for power, and to make matters a little worse, the boiler 
was fed by city pressure and the watchman’s wife had 
died suddenly but an hour before, thus leaving matters 
somewhat complicated. A hasty but careful examination 
of the plant as a whole, however, along the lines laid 
down, gave an idea of about what the plant consisted, 
and no trouble was experienced except that owing to the 
watchman’s misfortune, the heating plant was not 
started soon enough. G. H. WALLACE. 


Proper Gas Eng'ne Fuel Mixture 

How can I ascertain the correct mixture of gas with 
a hand analyzer attached to a gas engine? Would not 
the water in the muffler absorb enough CO, to affect the 
result ? 

At what point should I take a sample of gas on a 
55-hp. twin cylinder Bruce-Macbeth engine, and why? 

What would be an ideal condition beyond improve- 
ment? G. C.J. S. 

A. A gas engine fuel mixture is correct when all 
of the carbon monoxide, CO, is converted into carbon 
dioxide, CO,, and all the hydrogen has united with 
oxygen to form water within the engine cylinder. The 
oxygen for this combination is derived from tne air used 
in the mixture, and neither carbon monoxide, oxygen 
nor hydrogen should appear in the exhaust. 

If a surplus of air is used as is necessary, oxygen 
will show in the exhaust, in which case you are sure 
all the carbon monoxide has been burned, and a small 
loss has taken place because of the surplus oxygen and 
nitrogen. This surplus has carried away heat from the 
engine cylinder which should be used for power pro- 
duction. 

If there is a scarcity of air, and as a result a scarcity 
of oxygen, carbon is unconsumed and smoke is the 
result; this is a sure indication of imperfect combustion. 
Secure that exhaust, therefore, that shows a slight excess 
of oxygen and no carbon monoxide, hydrogen or other 
combustible gases. The percentage of this oxygen 
should be reduced to the lowest limit, even to the frac- 
tion of one per cent. 

The water in the muffler of a gas engine will not 
affect the results, of the gas analysis, for this water is 
hot and hot water will not absorb carbon dioxide. If 
this water were cold it would not cause error, for the 
amount of carbon monoxide is so great that the water 
soon becomes saturated and then no further change 
takes place, the water addition being small. In the gas 
analyzer itself, the gas is drawn into the presence of 
water and little or no loss takes place. 
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Samples should be drawn from the exhaust pipe of 
the engine as close to the cylinders as possible. No 
error will result in throttling engines if this is not done; 
but in a hit or miss type, the breathing through the 
exhaust pipe will affect the sample if it is not taken 
at the place noted. The nearer the engine the better 


_in all eases. 


The percentage of carbon monoxide in the exhaust 
will vary widely with different gases and no stated 
amount will apply for all. A surplus of air as indi- 
cated by the appearance of oxygen in the analyzer is 
the best guide for the engine operator. This insures the 
conversion of all the hydrogen into water and all the 
carbon monoxide into dioxide, a condition which is ideal. 

J. C. Mruuer. 


Damaged Gearing 

IN HOBBING out a worm gear, does it make any dif- 
ference if the hob is a little shorter than the worm? 

Would this or the fact that it had been running dry 
cause the gear to become cut up? A. M. 

A. In reply to your question, properly the hob 
should be the same length as the worm which is to run 
with the gear, otherwise there may be some stock left 
on the ends of the teeth which will interfere with the 
worm at the ends. 

How much trouble there will be depends on the 
radius of the gear with respect to the length of the 
worm. If the hob is as long as that part of the worm 
which meshes with the gear, there should be no difficulty. 
Usually the worm extends a little beyond the contact 
with the gear. If, however, the hob is shorter than the 
part of the worm which meshes with the gear, there is 
liable to be some difficulty from interference. 

Of course, on the other hand, running any gear 
system without lubrication will result in cutting, whether 
the gears are correctly formed or not. A. L. R. 


Correction of Weir Construction 
ATTENTION has been called by the author to errors 
in the article on Weir Considerations, page 160 of the 


February 1 issue. In the sketch, Fig. 3, he should have 
had the sharp edge of the weir facing the oncoming 
steam, as shown by the accompanying cut, instead of the 
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CORRECT POSITION OF WEIR 


beveled edge, as was shown. In the third paragraph 
from the end of the article a typographical error was 
made, a comma being inserted between the names Hamil- 
ton and Smith, which should have been omitted, as this 
is one man’s name. 
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Some Engine Questions 


Why Is ir that a tandem compound Corliss engine 
cannot have 2 eecentries to control low pressure cylinder 
and 2 eccentrics to handle high pressure cylinder, 
thereby getting the delicate valve adjustment that can 
be had with a cross compound ? 

2. What would be the objection to having crank and 
crosshead pins made like a ball, so if the shaft got out 
of line they wouldn’t heat? 

3. What would be the objection to having crankpin 
and main journals run in ball bearings, as some of the 
automobile engines do? F. V. B. 


Leakage Through Tunnel Walls 


In our establishment we have a tunnel about 1000 
ft. long, 6 ft. wide and 6 ft. high, which connects sev- 
eral buildings with the power plant. Its principal use is 
to carry the steam pipes and electric cables. The floor, 
walls and ceiling are made of concrete, but I do not 
know just how thick. 

_ During dry weather this tunnel is dry and may be 
used in going from one building to the other, but in 
time of wet weather the seepage through the walls and 
floor is so great that it cannot be used, and at times 
there is danger of flooding the entire tunnel system. 
This tunnel cannot be connected to the sewer, and is 
drained by means of a siphon or steam pump. 

We have tried painting the walls with cement paint, 
and also several other patented paints that were recom- 
mended, but without results. If the cement or tar paint 
could be applied to the outside of the walls, it might 
stop the seepage; but this is impossible. If any of the 
readers of this magazine have ever succeeded in stop- 
ping seepage through cement walls I would be pleased 
to know how it was accomplished. In this case, the leak- 
age is not through large cracks, but through the pores 
and minute cracks. J.C. H. 


Boiler Cleaning Trouble 


IN ANSWER to the question asked by L. F. B., in the 
Jan. 15 issue, as to the best way to clean the circulating 
nipples and tubes in a B. & W. boiler (the short ones 
in front are called nipples, while the longer ones in the 
rear are known as circulating tubes), there are on the 
market turbine tube cleaners that can be used in the 
close part of the saddle; but, as there are only 4 or 8 
nipples and the same number of tubes that cause this 
trouble, I would suggest the use af the old style chain 
and button manner of cleaning. 

Get 3 case-hardened saw-tooth buttons made in 3 
different sizes, one to be an easy fit in a clean tube, the 
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Problems For Discussion By Readers 


What Would You Do If You Had These Conditions To Meet ? 
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next 1/16 in. smaller and the last 4% in. smaller. If 
the scale is thick, a button will have to be made the 
proper diameter to enter this. A 5% by 1-in. hole is 
cut in the center of each button and a bolt threaded in 
the middle and with an eye at each end, inserted and 
fastened by means of 2 washers and 2 nuts. The eyes 
are made by flattening the ends of the iron and drilling 
the holes. The bolt must be made small enough at the 
ends so that the nut will pass over. Two pieces of 
¥4-in. log chain, sufficiently long to reach through the 
tube far enough that a man can get a good hold of the 
end, are fastened to the eyes by means of split links. 
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BUTTON AND LINK SCALE CUTTER FOR WATER-TUBE BOILERS 


Drop one end of the chain through and enter the 
button in the tube. The man on the outside can reach 
the chain through the handholes and pull the button 
through. Then he enters the button at the bottom end 
and the top man pulls it back, and by the use of prop- 
erly sized buttons the tube may be made as clean as any 
through which a turbine has been used. A claw bar 
can be used to pull the chain through link by link, if 
the button becomes tight, being careful not to break 
the chain or a tube might have to be taken out. 

The buttons should be about 14 in. thick, and the 
teeth pointed and sharp. A. G. Sotomon. 


Beading Stirling Tubes; Traps for Hot Water 


Asout the beaded tubes in the mud drum of a Stir- 
ling boiler: the tubes that are beaded are all in one row, 
which comes in the highest part of the drum, and if they 
projected through the shell 14 in. would allow the form- 
ing of air and steam pockets, therefore every other one 
is beaded to allow the air and steam to escape. I would 
like to hear from someone else on the subject. 
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If G. W. H. can install an improved Bundy trap 
so that the hot water can flow into it, he will have every- 
thing working to suit him. And I would say to L. F. B. 
that, in a large station where I worked, we had no way 
to clean the nipples that he speaks of so that after 
about 10 yr. service they were replaced with new ones. 

Now, I would be glad to know where LeRoy Blake 
can find 5g-in. steam pipe. A. D. W. 
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Suggestions for Ash Blower 


In REGARD to E. L. Hudson’s arrangement for blow- 
ing out ashes, [ would suggest that he change the loca- 
tion of the steam supply and make the arrangement in 
the form of an ejector rather than a blower. Connect 
the steam line to the 6-in. line 20 ft. or even more from 
the hopper toward the outlet at the rear, preferably in 
a Y fitting leading to the outlet. Leave the end of the 
6-in. pipe fully open; that is, omit the plug with 
the holes drilled in. It would also be advisable to 
reduce the size of the opening from the hopper to the 
6-in. pipe to about 4 in. This will handle the ashes 
better than the present layout, provided the ashes are 
not fed too rapidly to the hopper. 

It would probably be better to cut down the size of 
the hopper to about 1 ft. in height with a platform 
around it flush with the top, for dumping ashes, and 
feed by shoveling to the hopper only as fast as they are 
carried away. Such an arrangement should induce a 
very strong air current at high velocity through the 
line, and having the end of the 6-in. pipe fully open 
to supply as much air as possible and using stated pres- 
sure through the proper expanding nozzle to give maxi- 
mum steam velocity, the ashes should be removed rap- 
idly. It will, however, require frequent renewal of pipe 
sections, as this, being much on the order of a sand 
blast, is very hard service to which to subjeét ordinary 
pipes. R. S. T. 


IN REPLY to E. lL. Hudson’s complaint, on page 187 
of the Feb. 1 issue, regarding his ash ejector which 
refuses to work, I will say there are several things that 

right : 
are wrong. The first is his bell nozzle. This should 
be reduced to *4 in., so as to get as nearly boiler pressure 
at the tip as possible, thus reducing condensation due to 
expansion and giving as high a velocity as possible 
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PROPER METHOD OF CONSTRUCTING ASH EJECTOR 


through the discharge pipe. The nozzle should end at 
about the center of the opening in the ash hopper, so 
as to avoid steam backing up the hopper. There should 
be no air inlet except at the hopper. 
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His steam pipe is too small for the size and length 
of his discharge pipe. He should have at least 114 in. 
steam pipe reduced to 1 in. at the tip. If he will sub- 
stitute a 4-in. pipe for his 6-in., his l-in. steam pipe will 
be large enough for a 20-ft. discharge. 

The accompanying sketch will roughly show how it 
should be made. The steam nozzle should line up cen- 
trally with the discharge pipe so the steam will not touch 
the end of the pipe. 

A 6-in. tee reduced to 4 in. on the discharge end and 
to 1 in, where the steam enters and left full 6 in. to the 
hopper, will be all right, or if 6-in. on the discharge, a 
114-in. steam line reduced to a 1-in. nozzle should be 
used. It is most essential that the nozzle be reduced at 
least 1 in. 

[I wish Mr. Hudson would let the readers hear how 
he succeeds. S. B. Roper. 


RELATIVE to the trouble E. L. Hudson is having with 
his ash blower, I would advise him to use a 114-in. steam 
pipe for a 6-in. blower, reducing the end of the pipe to 
3, in., thereby forming a nozzle, and increasing the 
pressure instead of reducing it, as with a bell nozzle. 

















SKETCH OF A SUCCESSFUL ASH BLOWER 


As shown in the accompanying sketch, extend this 
nozzle nearly to the center of the tee, and a vacuum 
which will remove the ashes like the shot out of a gun 
will be created. 

Use steam as dry as possible and start the blower 
before filling the hopper. Geo. H. Worn. 


Blowoff Pipe; Threading Brass Pipe 


To J. E. K., whose letter was published on page 1SU 
of the Feb. 1 issue, I would say that a blowoff pipe up 
to the blowoff valve is really part of the boiler and as 
regards safety must be treated as such. There are 1 or 
2 valves, some elbows and tees and considerable length 
of pipe between the pipe in the combustion chamber 
and the atmosphere and nothing between it and the 
boiler, so even with the blowoff valves wide open, the 
pipe has very nearly boiler pressure on it. It is not 
possible to let water into a red-hot blowoff pipe ‘‘care- 
fully,’’ any more than into a red-hot boiler, even that 
has been done without an explosion. Also the obstruc- 
tion might catch again in the valves when J. E. K. can 
easily imagine what would happen. ' 

As regards threads on brass pipe, keep the dies sharp. 
It makes very little difference either to the thread or 
the wear on the dies whether oil is used or not. If they 
clog and strip, it is probably due to dull or poorly 
shaped dies. Harry D. Evererr. 
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Buy It Now 

Not things you don’t need, or have no use for, or 
ean ill afford. But, granting that by greater activity 
and volume of buying, business would be improved, if 
everybody who needs goods or will need them within 
a short time, and who can well buy them now, would 
do so at once, even though the individual orders be not 
large, the total increase in business would go a long 
way toward bringing greater prosperity to the country. 

Many cities, park boards, and public service corpor. 
ations are working along this line, and railroads have 
been placing large orders for material for construction 
and equipment. The same policy by private corpora- 
tions, firms and individuals will not only keep mills 
and factories busy, but furnish work for those seeking it. 

What work is there in your plant which ought to be 
done, and can well be done at once? What personal and 
family needs must be met soon which can as well be 
supplied at once? If every man will consider these 
questions seriously and act accordingly, he will have 
done his part, and the resulting business improvement 
will react to his benefit. Waiting for the other fellow 
to start first never gets anybody anywhere. 


Accurate Observation 


To the engineer, there is no habit of mind so im- 
portant as accuracy. Inasmuch as thought is preceded 
by observation, the foundation for accurate thought is 
accurate observation. The whole science of engineering 
is based upon laws of nature which are without error; 
no leeway is allowed the engineer who wishes to use these 
laws; he must be accurate in his interpretation of them. 

Like all faculties of the mind, accuracy of observa- 
tion can be cultivated and the more demands placed 
upon this faculty, the greater will be the ability of the 
mind in this direction. The greatest development, how- 
ever, is reached by creating an interest in the things 
which you desire to observe. The average human is too 
prone to go blindly past things he should see and know 
about day after day until by accident or necessity he 
is forced to see and study them, then too often some 
‘*young upstart’’ has beaten him to it and become master 
of the situation, and then we complain that we never 
had a chance. 

No practical training is so valuable to a young eng)- 
neer as an apprenticeship course under a severe master, 
yet too frequently such a course is nearly so much time 
wasted, because the mind of the apprentice is directed 
entirely towards the physical development, while the 
powers of observation and reason remain untrained. 

One of the most exacting tests an engineer has to 
perform is that of a boiler, and even when conducted 
under the direction of an engineer trained through 
years of experience a discussion of the results will in- 
variably bring out points where corrections have been 
made that are based upon the judgment of the engineer. 
It is, then, the reputation of the engineer as a careful 
and accurate observer and thinker that will determine 
whether or not the test will be considered accurate, 
regardless of the type, make and accuracy of the instru- 
ments used. 

Given charge of gang running a heat test of a motor, 
a young, yet really capable, engineer failed to note in his 
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instruction sheet that the test was to run for 8 hr. in- 
stead of 4 which was customary in commercial tests. 
When the results were reported to his superior a few 
minutes after the motor was stopped he learned about his 
error in no uncertain terms. It was a large motor and 
the date of delivery was almost at hand with a forfeit 
attached to the contract. It was fully 6 months before 
that young man was given another opportunity to con- 
duet even so simple a test as that. 

The evil does not stop at the end of a few years of 
apprenticeship; carelessness or indifference in regard 
to observing details becomes a habit which should be 
recognized and ‘‘clubbed’’ every time it shows itself, for 
it is the great obstacle in the way of the engineer who 
wishes to succeed. 


News Notes 


Tue AmeErIcAN District Steam Co., of North Tona- 
wanda, N. Y., announces that it has placed its General 
Engineering Department under the management of J. 
G. De Remer, member Am. Soe. M. E., member A. I. 
E. E., formerly Chief Mechanical and Electrical Engi- 
neer of the United Light'and Power Co., San Francisco, 
Cal. 

Joun §S. Huey, formerly with the Allis-Chalmers 
Co., and more recently with Woodward, Wight & Co., 
has been appointed by the Kerr Turbine Co., of Wells- 
ville, N. Y., as district sales agent for Louisiana and 
Southern Mississippi, and will have his headquarters 
at 418 Hibernia Bank Bldg., New Orleans, La. 

THe WESTINGHOUSE ELeEctric & Mra. Co. announces 
the removal of the offices of its newly organized Auto- 
mobile Equipment Department from East Pittsburgh 
to Shadyside Station, Pittsburgh, Pa., where they will 
be located in the works devoted exclusively to the manu- 
facture of Westinghouse automobile equipments. 

This department was organized on Jan. 1, with G. 
Brewer Griffin as Manager in charge, and takes the 
place formerly known as the Automobile Equipment 
Division of the Detail and Supply Department. The 
Westinghouse Company reports that the business in 
automobile equipments has been very satisfactory, thus 
making it desirable to concentrate the Sales and Works 
Departments at one point. 

In addition to the new headquarters, service stations 
have been established in New York, Chicago, Indian- 
apolis, Cleveland and Detroit. 


CoMPETITIVE EXAMINATIONS under the rules of the 
U. S. Civil Service Commission, for the positions named, 
will soon be held throughout the United States. 

On March 10. 1915: Aid, Bureau of Standards; 
aid, Coast and Geodetic Survey ; apprentice plate clean- 
er, transferrer, and engraver, Bureau of Engraving and 
Printing; assistant, Philippine Service (men only) ; 
assistant examiner, Patent Office; assistant inspector of 
boilers; assistant inspector of hulls; computer, Coast 
and Geodetic Survey (men only); draftsman (copyist 
topographic—Departmental Service, junior engineer— 
Engineer Dept. at large, topographic—Departmental 
Service) ; Forest Assistant, Forest Service; junior chem- 
ist, Departmental Service; laboratory apprentice, Bu- 
reau of Standards; land law clerk ; local inspector of boil- 
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ers; local inspector of hulls; matron, Indian Service ; 
pharmacist, Public Health Service; physician, all serv- 
ices, except Panama and Philippine (men only) ; statis- 
tical clerk, Departmental Service; superintendent of 
construction, Supervising Architect’s Office; surveyor, 
Philippine Service; telegraph operator, Departmental 
Service; veterinarian. 

On April 14, 1915: Agricultural inspector, Philip- 
pine Service; aid, Lighthouse Service; apprentice fish 
culturist; assistant observer (men only); bookkeeper, 
Departmental Service (men only); cadet engineer, 
Lighthouse Service; cadet officer, Lighthouse Serv- 
ice; civil engineer and draftsman; computer, Nau- 
tical Almanac Office and Naval Observatory (men 
only); draftsman (copyist, ship— Navy Dept., me- 
chanical—-Panama Canal Service, ship—Navy Dept., 
topographic—Panama Canal Service) ; engineer, Indian 
Service; fish culturist; junior engineer (mining), Bu- 
reau of Mines; laboratory assistant; Bureau of Stand- 
ards; library cataloguer; scientific assistant, Depart- 
ment of Agriculture; teacher, Indian Service; trained 
nurse, Indian Service; wireman. 

Application forms and full information in regard to 
the above-named examinations may be obtained by ad- 
dressing the U. S. Civil Service Commission, Washing- 
ton, D. C. 

‘Wm. P. Cocuran, formerly head of the Industrial & 
Power Department of the Baltimore office of the West- 
inghouse Electric & Mfg. Co., has been appointed branch 
manager of the Baltimore office, which has been consoli- 
dated with the Philadelphia office of the company. H. H. 
Seabrook, formerly manager of the Baltimore office, is 
now manager of the consolidated territory with head- 
quarters at Philadelphia. 

Mr. Cochran graduated from Pennsylvania State 
College in 1898. Upon leaving college he was appointed 
electrical assistant to the president of the Martic Water 
& Power Co., of Wrightsville, Pa., which position he re- 
tained until 1899. He then entered the Testing Depart- 
ment of the General Electric Co., in New York, where he 
was employed during the years of 1899 and 1900. In 
1901, he entered the employ of the Webster Coal & Coke 
Co., where he was electrical engineer; then was mechan- 
ical and electrical engineer, and assistant general super- 
intendent of the Lackawanna Coal and Coke Co.; suc- 
ceeding from this position to that of master mechanic 
for the Pittsburgh-Buffalo Coal Co., at Cannonsburg, 
Pa., in 1905. 

In the fall of this year, Mr. Cochran entered the 
employ of the Westinghouse Electric & Mfg. Co., being 
located at Charleston, W. Va., where he remained until 
the fall of 1910, at which time he left the company and 
became General Manager and Treasurer of the Kana- 
wha Fire Engine Co., of the same city. After 2 yr., he 
returned to the employ of the Westinghouse Co. and was 
assigned to the Baltimore office as manager of the In- 
dustrial & Power Division, a position which he retained 
until his appointment as Branch Manager as noted 
above. 

Mr. Cochran has been closely identified with the in- 
dustrial and power applications, particularly that of the 
coal mining industry, and has a large circle of acquaint- 
ances in the electrical profession who will be glad to 
learn of his promotion. 
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Safe Guard Gage Glass Reflector 


AFETY in the operation of a boiler frequently de- 
pends upon the ability of the fireman to see at a 
glance just where the water level stands. This is 

not always an easy matter, as the gage glass and water 

are the same color and a slight amount of dirt on the 
glass may be deceiving. To overcome this difficulty the 

Reordway Mfg. & Sales Co., of Chicago, has developed 

what is called the Safe Guard Gage Glass Reflector. It 

is made of aluminum with a wired glass front and pro- 
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REFLECTOR WHICH MAKES WATER APPEAR RED 


vided with an electric light which so reflects upon the 
water in the glass as to make it appear red, thus dis- 
tinguishing positively between that part of the glass 
which contains water and that containing steam. 

The reflector encloses the gage glass entirely, thus 
keeping it at nearly the temperature of the steam. This 
reduces the expansion and contraction of the gage glass 
due to variation of temperature in the boiler room, and 
also the condensation of steam in the gage glass, these 
being the 2 principal elements which cause gage glasses 
to break. The object of the wired glass is to protect 
the operator from being injured by the breaking of a 
gage glass. 


Power Apparatus in Shop and Market 
New Ideas In ACaking, Buying and Selling 
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At both the top and bottom of the reflector there is 
placed a rubber gasket so arranged that no metal parts 
touch the water glass. This construction also prevents 
any leakage from obscuring the transparency of the 
gage glass. These reflectors are made to fit any stand- 
ard size gage glass. 


Development of Power Plant 
Machinery in 1914 


HILE some unique developments have charac- 
terized the progress in the electrical industry 
made by the General Electric Co. during 1914. 


the general advance has consisted largely of improve- 
ments in apparatus that had already attained relatively 
high efficiencies, both electrically and mechanically. 


2250-KW. SYNCHRONOUS CONVERTER WITH SYNCHRONOUS 
BOOSTER 


The essential features of the achievements embrace 
a marked refinement in design resulting in imereased 
efficiencies for many classes of apparatus, economical 
concentration of large energy values in single machines, 
and a broadening of the field of application based on 
experiment and analysis of exhaustive operating data. 

Sream TuRBO-GENERATORS 

Earzy in the year, the first of the large horizontal 
steam turbine generator sets, consisting of a 20,000-kw. 
unit, was installed for the Commonwealth Edison Co. 
of Chicago, and has already been in successful operation 
for almost a year. 
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A still larger unit, having an output of 30,000 kw., 
6600 .v., 25 cycles at 1500 r.p.m. and operating normally 
under 185 lb. steam pressure, was placed in service by 
the New York Edison Co. in November, 1914, having 
been constructed and installed in less than a year, a 
remarkably short period for a generating set of this 
capacity. 

In striking contrast to the large machines just re- 
ferred to, is the diminutive turbo-generator developed 
for supplying current for incandescent headlights and 
cab lights on steam locomotives. This set has a normal 
rating of 100 w., 6 v., at 3600 r.p.m., and a maximum 
continuous capacity of 140 w. 

A steam pressure of about 90 lb. is maintained con- 
stantly by means of an automatic regulating inlet valve; 
a pop safety valve is also provided. The turbine is of 
the single-stage, impulse type, direct coupled to a direct- 
current, compound-wound generator; and by means of 
a differential brake magnet coil, any fluctuations in the 
load are automatically compensated for, so that constant 
voltage is maintained from no-load to full load. 

This little self-regulating set has ample mechanical 
strength and has successfully withstood severe prac- 
tical service tests of more than 6 months duration. Its 
overall dimensions are: length, 2314 in.; width, 15 in.; 
height, 1434 in.; and its weight, 130 Ib. 


Gas-ENGINE DRIVEN GENERATORS 
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Due TO improvements in design and regulation, the 
past year has witnessed considerable advance in the use 
of 60-ceycle gas-engine-driven generators; and at the 
present time, there are nearing completion 3 units of 


1390 kv.a. capacity, 2300 v., 60 cycles, arranged for 
operation at 116 r.p.m. They will be utilized by the 
Monongahela Traction Co. of Fairmont, West Va., and 
are the largest 60-cycle generators designed for gas 
engine drive. Other and larger units had, however, been 
constructed prior to 1914 for 25-cycle operation, the 
rating for these machines, which were built for the Beth- 
lehem Steel Co., being 3125-kv.a. 

An equitable basis of guarantee for the parallel oper- 
ation of both gas engine and steam engine-ariven gen- 
erators has been developed by the General Electrie Co. 
which, if generally accepted, should prove of consider- 
able value to the builders of engines and generators, 
and to the operator. 

This guarantee is based largely on the determination 
of the natural period of the generator in relation to the 
various characteristics of the complete unit, including 
flywheel and the operating features of engines and gov- 
ernors, and presents in a logical manner the data neces- 
sary for an accurate predetermination of results. 


SYNCHRONOUS CONVERTERS 


THE ADVANCE in this class of apparatus has been 
marked chiefly by the increased unit capacity produced 
in 60-eycle machines. A representative installation con- 
sisting of 2 2250-kw., 225/275-v. converters equipped 
with synchronous boosters has been constructed for the 
Boston Edison Co. These machines have approximately 
50 per cent greater capacity than any 60-cycle machines 
of this type heretofore developed, and their successful 
operation has resulted in the adoption of still larger 
units. 
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The equipment of synchronous converters with syn- 
chronous boosters, which are integral parts of the com- 
plete machine, together with the arrangement of watt- 
meter control, constitutes a most important improvement 
in synchronous converter operation and insures a posi- 
tive and automatic adjustment of the direct-current volt- 
age. This is accomplished through control of the field 
excitation of synchronous converters provided with com- 
mutating poles. It insures correct excitation at all loads 
and voltages instead of a step-by-step correction, which 
has heretofore been necessary. The new system obviates 
the use of contactors in combination with a number of 
resistance steps, which were formerly required, and has 
been applied with entire success during the year to both 
25 and 60-cycle units of the synchronous booster type. 


SyncHrRonous ConDENSERS 


A HORIZONTAL shaft 6000-kv.a., 50-cyele, 500-r.p.m. 
synchronous condenser constructed for the Southern 
California Edison Co. of Los Angeles, is of unusual 
interest due to the fact that it was designed for opera- 
tion on a 16,500-v. line, no machines of this type having 
been previously built for potentials exceeding 6600 v. 

In addition to the precautions necessary for insula- 
tion against this unusual potential, special efforts were 
made in designing the machine to minimize the losses; 
and as a result, there was produced a synchronous con- 
denser of very high efficiency, utilized solely for power 
factor correction. It is self-starting by means of a com- 
pensator and requires less than half its rated kilovolt- 
amperes for starting. 

Prior to 1914, the largest core type transformers 
produced by the General Electric Co. did not exceed 
2000 kv.a. in rated capacity, but during the year the 
maximum rating was earried up to 7500 kv.a. The 
maximum rating of single-phase water cooled, shell type 
transformers has also been increased by the construc- 
tion of 4 units of 8333 kv.a. capacity. 

There has been a marked reduction in interruption 
to service in transformers of recent design, as they are 


‘now capable of withstanding momentary short circuits 


under sustained primary voltage without injury to the 
coils. This has been accomplished largely through 
changes in the grouping of the coils and working to 
higher inherent reactance. 

A feature of unusual interest for the year is the de- 
velopment of a combination transformer which may be 
operated either self-cooled or water-cooled. It may be 
designed for normal operation with water circulated 
through the cooling coils, in which case, it may also be 
safely operated at 50 per cent of normal load without 
the circulation of water and without exceeding its speci- 
fied temperature rise. On the other hand, this trans- 
former may be designed for normal operation as a self- 
cooled unit, and be provided with the necessary cooling 
coils, which, when utilized, permit operation efficiently at 
50 per cent above the normal capacity. The economical 
advantages of such transformers are obvious, especially 
for localities where the purchasing rate of water is high 
and the transformer is fully loaded only part of the 
time. This design also provides a factor of safety in 
ease of interruption in the water supply, in which event 
the apparatus may still be operated at partial load 
instead of being shut down. 
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New Westinghouse Electric 
Motor 


HE Westinghouse Electric & Mfg. Co. has recently 
T placed on the market a new line of large slip-ring 
induction motors for continuous service, such as 
driving pumps, blowers, compressors, hoists, and other 
machinery requiring heavy starting torque. 

One of the chief characteristics of these motors is 
great strength. The frame is massive, the bearings and 
shaft extra large, and the windings are securely braced 
against vibration. The bearings are dustproof and rest 
on 3 machined seats, a construction found to be the 









SLIP-RING INDUCTION .MOTOR FOR CONTINUOUS SERVICE 


best practice in steel-mill service. The bearing shell 
may be removed and replaced without taking off the 
lower half of the bearing bracket. 

All coils are form wound and completely insulated 
to ground before being placed in the slots. The stator 
slots are straight open, while those of the rotor have an 
overhanging lip which assists in holding the coils in 
place, although the coils may be removed and replaced 
without bending as readily as with straight open slots. 
The shaft can be removed without disturbing the rotor 
winding. 


Revolving Cleaners for 
Fire Tubes 


O avoid any misconception as to the availability of 
1. rotating cleaners for fire-tube boilers, the follow- 

ing descriptions are presented of 2 cleauers of this 
type, as additional to the treatment of the sunject in the 
Jan. 1 issue. The first, shown in Fig. 1, and made by 
the Liberty Mfg. Co., of Pittsburgh, Pa., consists of 
an air motor with hardened steel cylinder containing 
an eccentrically mounted shaft in which a pair of semi- 
balanced blades reciprocate in a longitudinal slot. The 
spear-shaped head has a universal joint and it is stated 
that, due to this special form of drill and joint, a com- 
bined rotating and gyrating effect is produced, resulting 
in the tool never striking twice in the same place, thus 
covering all points of the tube. 

In Fig. 2 is.shown a cleaner consisting of an air or 
steam driven turbine and knocker head. The motor is 
of the rotary engine type having 4 paddles, 2 of which 
are always under pressure. 
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As shown, the knocker head is made of 3 parts; a 
cylindrical body somewhat smaller in diameter .than 
the boiler tube and an eccentrically pivoted lever carry- 
ing a clover shaped knocker on a stud at its free end. 


Sos, 





“ee 
FIG. 1. ROTARY TUBE CLEANER WITH UNIVERSAL JOINT 
AND SPEAR-SHAPED HEAD 


The head is driven at high rotative speeds; the ec- 
centrically pivoted lever carrying the knocker is thrown 
from side to side and the knocker caused to revolve on its 


FIG. 2. VIBRATOR HEAD ATTACHED TO AIR OR STEAM 
DRIVEN TURBINE 


axis at each contact with the tube, giving a resultant 
gyratory motion to the knocker, causing it to strike all 
points of the interior cireumference of the tube. 

This turbine tube cleaner is manufactured by the 
Lagonda Mfg. Co., of Springfield, Ohio. 


THE TECHNICAL success of the International Engi- 
neering Congress, to be held Sept. 20-25, San Francisco, 
is now well assured. Notwithstanding the difficulties 
arising as a result of the present European war, the 
Committee on Papers is able to count on from 200 to 
250 papers and reports covering all phases of engineer- 


‘ing work and contributed by authors representing some 


18 different countries. The Congress will therefore be 
truly international in scope and character. 

Papers are now rapidly coming in and their char- 
acter gives the fullest assurance that the proceedings 
will form a most important: collection of engineering 
data and a broad and detailed review of the progress 
of engineering art during the past decade. 

The Committee of Management is now issuing to all 
important engineering societies, in this country and 
abroad, invitations to appoint official delegates to attend 
the sessions of the Congress, and the presence of a con- 
siderable body of such delegates is well assured. 

Membership in the Congress with the privilege of 
purchasing any or all of the volumes of the proceedings 
is open to all interested in engineering work. For full 
particulars apply to W. A. Cattell, secretary, 417 Fox- 
eroft Building, San Francisco, Cal. 


Tue Kerr Turbine Co., Wellsville, N. Y., has ap- 
pointed W. E. Storey as its Toronto, Canada, represen- 
tative, with offices in the Kent Building. Mr. Storey 
was formerly identified with the Underfeed Stoker Co., 
and more recently with Goulds Mfg. Co. 
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Books and Catalogs 


THE ‘‘MecHANIcAL Worup’’ Pocket Diary AND 
YEAR Book ror 1915. Twenty-eighth year of publica- 
tion, 438 pages, illustrated; Manchester, Eng., 1915. 
Price, $.50 prepaid. 

This, as previous editions, contains a large collection 
of notes, rules, data, and tables of value to mechanical 
engineers, draftsmen, mechanics and students. 

New sections have been added on structural iron and 
steel work, the strength of flat plates, limit gages, cost 
of power, proportions of tee slots, Morse tapers, ete. 

Various tables have been extended and the sections 
on gas engines, oil engines and suction gas producers 
have been considerably revised. 


THe ‘‘MecHanicaAL Worup’’ EvecrricaL Pocket 
Book FoR 1915; 302 pages, illustrated; Manchester, 
Eng., 1915. Price, $.50 prepaid. 

The contents of this companion volume to The ‘‘Me- 
chanical World’’ Pocket Diary and Year Book, include 
a varied collection of electrical engineering note, rules, 
tables and data, specially prepared for the use of those 
in charge of electrical machinery and apparatus. 

New sections are given on electric circuits and 
switching, synchronizing and alternating-current gen- 
erator and motor troubles. The section on the applica- 
tion of electricity on shipboard has been rewritten and 
extended while additions have been made to those sec- 
tions dealing with the use of electricity in coal mines, 
motor starters, ete. The matter on Dynamo and Motor 


Defects has been revised and condensed, while the sec- 
tions on Electric Lamps and Electric Lighting have been 


brought up to date. 


Buuuetin No. 55 of the McIntosh & Seymour Cor- 
poration, Auburn, N. Y., is devoted to a discussion of 
complete Diesel type oil engine power plants. After a 
brief mention of those accessories which are always 
furnished with these engines and those plant accessories 
the company is prepared to furnish, descriptions of the 
engine proper, their foundations, fuel oil tanks for 
immediate supply and the fuel oil storage tanks are 
given. The last 6 sections of this bulletin are devoted 
to the engine-room piping, exhaust silencer, cooling 
water, necessary arrangements of the plant to allow for 
convenient erection and repair, lubricating oil storage 
tank and filter and the proper equipment of repair 
parts, necessary tools, cleaning materials, wrench board 
and work bench. 

Various illustrations showing the Diesel engine in 
process of manufacture, the complete engine and the 
engine in operation together with a plan and cross- 
sectional drawings of a typical power plant arranged 
for a 90-hp. Diesel type oil engine and accessories are 
shown. 


FROM CHARLES JACOBS & CO., 258 Franklin 
St., Boston, Mass., we recently received a circular illus- 
trating the Jacobs water tube feed water heater. and 
purifier, the Lowden grease, oil and grit extractor for 
separating and automatically discharging grease, oil and 
grit from exhaust steam, and the Lowden automatic 
water separator for separating and automatically dis- 
charging entrained water from live steam. 
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THE ENGINEERING DIRECTORY for 1915 con- 
tains new features of interest to manufacturers of engi- 
neering, mill and machinery supplies. It is divided in 
such a way that the selling, or mailing lists are con- 
tained in Part I, while the buyers’ section, or classified 
directory of manufacturers, is contained in Part II. 
Those who are interested in the selling section only, 
may purchase Part 1 at the regular price of $5; or 
both parts together at $6, prepaid. 

The Engineering Directory is published by the Craw- 
ford Publishing Co., 537 South Dearborn St., Chi- 
eago, Ill. 

CHAS. A. SCHIEREN CO., New York, manufac- 
turer of Duxbak belting, is distributing a map, 2 by 3 ft. 
in size, showing the steamship routes of the world. It 
also shows the distances between the various ports on 
each route and gives other appropriate information, all 
in convenient tabular form. This map is well executed, 
in 2 colors, and we presume that copies of it may be 
had by Practical Engineer readers on application, with- 
out charge, if the edition is not exhausted. 


A NEW CATALOG just issued by Alberger Heater 
Co., Buffalo, N. Y., covers heaters, not only for feed 
water purposes, but for hot water service or domestic 
supply, as used in hospitals, hotels, ete.; also for oil 
coolers, oil heaters and ‘air coolers. The Ross expansion 
joint, the primary feature of which is guiding the 
pipe line, for securing perfect alinement with that 
part of the piping which is held rigid, the object being 
to prevent the ordinary wear and tear on packing, is 
described. 

BULLETIN No. 49,901, just issued by the General 
Electric Co., describes an oil-testing set, by means of 
which the dielectric strength of oil can be easily deter- 
mined. The proper use of this set insures the successful 
operation of high tension oil insulated apparatus. The 
set consists of a 30,000-v. testing transformer with an 
induction regulator for voltage control and an oil spark 
gap, all of which are assembled as a unit. The set can be 
furnished for either 25 or 60 cycles. 


S. & K. HEAT TRANSMISSION apparatus for heat- 
ing and cooling water and gases, and cooling oil, is the 
subject of a recent publication of Schutte & Koerting 
Co., 12th and Thompson Sts., Philadelphia. 


Trade Notes 


THE PATENT SUIT brought against the B. F. 
Sturtevant Co., of Boston, by the Sirocco Engineering 
Co., which has been in the courts for the past 6 yr., 
has just been decided by the United States Circuit 
Court of Appeals for the Second District in favor of 
the Sturtevant Co. 

It was claimed that the Sturtevant Multivane Fan in- 
fringed the Sirocco Co.’s patents, and in the lower court 
this claim was sustained. The Court of Appeals, how- 
ever, reversed the former decision and held that there 
was no infringement. The Court of Appeals further 
decided that the Sirocco patents in suit were void in 
view of the development of the fan building art prior 
to the alleged inventions upon which these. patents 
were based. 
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THE GOULDS MANUFACTURING CO., of Seneca 
Falls, N. Y., has recently placed on the market a new 
line of multi-stage centrifugal pumps for installations 
where the head is greater than can be efficiently dealt 
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with in a single stage. The pump easing is divided 
horizontally and is provided with single suction. The 
pumps range in capacity from 200 to 1500 gal. per min. 
at a maximum head of 700 ft. The illustration shows the 
3-stage type with top half of casing removed. 


SOME REASONS why the mechanical goods of 
the Goodyear Tire & Rubber Co. are oceupying a large 
place in the field are, as stated by I. R. Bailey, Sales 
Manager of the company, as being the long experience 
and the kind of men who have control of the product. 
In this department are 21 men, one of whom has had 
27 yr. of experience, and the average experience being 
6 yr. These men direct the department, and in no 
instance do they build a product to ‘‘meet the price,’’ 
but purely for service standards. The effort is always 
to furnish an article to meet a specific need, and to do 
its appointed work in the best way possible. 

AT THE WORKS of the MeIntosh & Seymour Cor- 
poration recently 5 Diesel-type oil engines were in 
course of erection, three of these are shown in accom- 
panying cut. Each of these sets develops 500 b.hp. from 
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4 cylinders and it is a set of this character which will 
be shown running at the Palace of Machinery, Panama 
Pacifie Exposition, where one of the same company’s 
smaller high-speed sets will also be exhibited. 
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PUBLISHED ON THE FIRST AND FIFTEENTH OF EACH MONTH. 
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Position Wanted 





POSITION WANTED—Experienced engineer who under- 
stands both theory and practical operation of generators, steam 
and gas engines, and water purification, with technical education 
and 9 yr. practice in all lines, desires position in Middle West. 
Will furnish best of references, including present employer. 
Address Box 383, Practical Engineer, Chicago, III. 3-1- 
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POSITION WANTED—As Chief Engineer in a hotel, office 
building or manufactory. Experienced in power refrigeration 
and hydraulics. Address Box 386, Practical Engineer, Chicago. 

1 





POSITION WANTED—Graduate in Electrical Engineering 
1914, desires work with some power and light company or elec- 
trical contractor. Have had some experience. Can give best of 
references. Address Box 207, L. T. P., Wilsonville, Nebr. 3-1-1 


POSITION WANTED—By engineer with 10 yr. experience 
on Corliss and slide-valve engines, horizontal and vertical water 
tube boilers. Age 40 yr. Address Ed Larson, Aetna, Ind. 3-1-1 


POSITION WANTED—By Sales Engineer with wide experi- 
ence in selling Steam Engines, Boilers and Power Plant Equip- 
ment. Have shop experience and technical education. Can 
produce results. Address Practical Engineer, Box 379, Chicago, 
Til. 2-15-2 


POSITION WANTED—By a young man at present holding 
a first-class fireman’s license in Massachusetts. Understands 
repair work thoroughly. Will go anywhere in Middle West 
or Eastern states. Married, and can furnish best of references. 
Address Box 382, Practical Engineer, Chicago, III. 3-1-1 


POSITION WANTED-—In a modern plant where knowledge 
may be acquired. 3 yr. experience as fireman, oiler and switch- 
board operator.. I. C. S. student. 30 yr. of age; married; 
abstainer and dependable. F. W. Beecroft, 3216 Fulton St., 
Chicago, Ill. 2-15-2 


POSITION WANTED—By young man, age 21, as oiler or 
helper in power plant. A. S. C. graduate, electrical course. 
Some experience small gas engines. Would work a while for 
experience. Address O. W. House, Rush Springs, Okla. 2-15-2 


POSITION WANTED—By engineer with years of experience 
in Ice and Electric Light Plants. Understand both A.C. and 
D.C. machines. Am a graduate of one of the best colleges in 
Middle West. Al references. Ezra D. Dumas, Clarinda, Iowa. 

3-1-1 


POSITION WANTED-—By student, fresh from University of 
Engineering. Desirous of getting into Mechanical, Electrical or 
Architectural Engineering. Some experience. Address A. W. 
Kelly, 5531 Lakewood Ave., Chicago, III. 2-1-3 


POSITION WANTED—By younug man, age 22, as Oiler or 
Assistant Engineer. I. C. S. graduate, Steam-Electric course. 
4 yr. experience as quarry Hoisting Engineer. Good reference. 
Oscar Malila, Troy, N. H. 2-15-2 


POSITION WANTED—By young man, as wireman; 5 yr. 
experience. Reference. Can come March 1. Harold Howes, 
Williams, Iowa. 2-15-2 
































Wanted 


FREE ENGINEERING BOOKS and power plant tools and 
specialties for securing new subscribers to Practical Engineer. 
A dandy chance for the engineer with a little spare time to get 
some fine premiums, Send for free descriptive circular and 
terms. Address Practical Engineer, Subscription Department, 
Chicago, Il. _tf. 


WANTED—Resident subscription agents in all cities of 50,000 
population, and over. Many of the largest cities still open. An 
excellent chance for hustlers to turn their spare time into dollars. 
Practical Engineer, 537 S. Dearborn St., Chicago, III. As; 


WANTED—Agents to sell my Graduated Calipers, Pocket 
Levels, etc. Liberal commission. Ernst G. Smith, Tampa, Fla 











For Sale 


FOR SALE—Grobet Swiss Files are the standard of excel- 
lence in files, and have been for over 100 yr. We send, post paid, 
as an introducer, 48 files especially adapted for tool makers and 
machinists on receipt of $5.00. This is a chance to get a set of 
files you'll appreciate and we'll get future orders. Montgomery 
& Co., 101 Fulton St., New York, N. Y. 3-1-1 








FOR SALE—Specials: 18x42 Lane & Bodley Corliss engine, 
2 yr. service, $450. Three 72 in. by 18 ft. HRT boilers, 150 Ib. 
steam pressure, 2 yr. service, $400 each. 500-hp. Haine water- 
tube boiler, 6 yr. service, 150 Ib. steam pressure, $1675. 75-kw. 
Northern 230-volt generator, direct-connected Erie Ball engine 
with switchboard, $1000. Duzets & Son, 50 Church St. New 


York. tf. 


CARR VENTILATED FURNACE ARCH for all types of 
boilers and furnaces, gives 100 to 400 per cent greater service 
than any other kind. Write for information, giving number and 
kind of boilers and furnaces. Elmer E. Carr, 231 Insurance 
Exchange Bldg., Chicago, IIl. 3-1-3 








FOR SALE—Steam Hammer, 750-lb. Bement Niles; excellent 
condition; will sacrifice to move quick. Have large stock ma- 
Zelnicker Supply 

tf. 


chinery of all kinds. Send us your inquiries. 


Co., St. Louis, Mo. 


FOR SALE—10x12, steam-driven 
for high pressure work on air or gas. 
& Son, _ Bridgeport, Conn. 


Patents and Patent Attorneys 





air compressor, designed 
Write for details. a 
3-1- 








PATENTS SECURED OR FEE RETURNED-—Send sketch 
for free search, advice and report. Latest and most complete 
patent book ever published for free distribution. George P. Kim- 
mel, Attorney, 226 Barrister Bldg., Washington, D. C. 12-15-6 





PATENTS—C. L. Parker, Attorney-at-Law and Solicitor of 
Patents. Patents secured promptly and with special regard to 
the legal protection of the invention. Handbook for inventors 
sent upon request. 186 McGill Bldg., Washington, D. C. tf. 





PATENTS THAT PROTECT AND PAY—Advice and books 
free. Highest references. Best results. Promptness assured. 
Send sketch or model for free search. Watson E. Coleman, 
Patent Lawyer, 624 F St., Washington, D. C. tt. 





PATENTS—H. W. T. Jenner, Patent Attorney and Mechan- 
ical Expert, 606 F St., Washington, D. C. Established 1883. I 
make a free examination and report if a patent can be had, and 
the exact costs. Send for full information. tf. 


PATENTS—Send sketch for free search and report. Books 
on patents and book of reference letters sent free. John S. 
Dufhe & Co., 612 F St., Washington, D. C. tf. 


PATENTABLE IDEAS WANTED—Send for three free 
books. R. B. Owen, 28 Owen Bldg., Washington, D. C. tf. 














Technical Books 





ENGINEERS AND FIREMEN—Send 10c in stamps for a 
40-page pamphlet containing a list of questions asked by an 
examining board of engineers. Stromberg Publishing ~~ 2238 
Pope Ave., St. Louis, Mo. 10-1-6 





Help Wanted 


SALESMEN WANTED—Experienced, in every large city 
and territory to handle Vacuum Traps and High Pressure Ex- 
pansion Traps. State, full particulars in answer. Address Box 
387, Practical Engineer, Chicago. 3-1-2 








WANTED—Agents on commission to sell our Shaking Grates. 
We will install grates on trial or put in on test at our expense 
with any grate made. Address Armstrong Mfg. Company, 
Springfield, Ohio. oe 


WANTED—Agents handling engine and boiler-room special- 
ties in every section for side line paying large commissions. 
Give experience, line carried and territory covered. Address 
Practical Engineer, Box 381, Chicago, III. tf. 











Educational and Instruction 


ENGINEERS’ POCKET MANUAL, 175 pages, edited by 
University of Tennessee, will be mailed every subscriber sending 
in NEW subscriptions (not your own) to Practical Engineer. 
Gilt edges; bound in leather. tf. 











Miscellaneous 


ENGINEERS, DO YOU WANT to utilize your exhaust steam 
for heating or drying purposes, without back pressure on your 
engine? If so, address Monash Engineering Co., 1413 W. Jack- 
son Blvd., Chicago, IIl. tf. 











PRACTICAL 
ENGINEER 


March 1, 1915 © 





odin 


i ELE Te “SE e SS Te eS ole. Bow 
s s ee eee <n 


“s a 





= Sar ae s ‘Bow. Bow vw 7 a Wes he: elec. een. ole 
a — — — — — — s ae — — "s — 


Be 
— 





2 
a 





Sparks From The Advertising Pages 








2. ashe 27 ET Oe aon 2. ee ae he in 
_s — = “s 


2. 
efor: 








i, Zo, 
e — 





Ze hen. 
<2 


YT PS a aa ae Be 2. 7 ae we 
ae ae ee e" — 5. ea. RBI, MBE 0 





rs 
e 


5. 
- ee ae —_— ‘2 —— 





President Wilson pressed the button at Washington. 

Waves of electric energy sped through miles of space. 

The radio-harp on the top of the ‘‘Tower of Jewels”’ 
at the other extreme of the Continent received the sig- 
nal and the doors of the palaces of a great exposition 
were thrown open and the machinery in one of the 
largest wooden structures of the world—The Palace 
of Machinery—was set in motion. 

It is the greatest exposition in history, to commem- 
orate the completion of the greatest physical achieve- 
ment in engineering—the Panama Canal—that Hercu- 
lean task that marks an epoch in the history of the 
world. 

Congress entrusted to California, the responsibility 
of designing and constructing an exposition to cele- 
brate and do justice insofar as possible to so great an 
achievement. 


lously, from the ‘‘Tower of Jewels,’’ 


swaying with 


the slightest wind or jar, flash and scintillate as myri- 
ads of diamonds and vari-tinted jewels, setting the sky 
ablaze at night. 

The Palace of Machinery contains exhibits of ma- 
chinery and accessories used in the generation, trans- 
mission and application of power from the toggle bolt 
to the turbine. 

And yet with all these wonders that would have 
caused P. T. Barnum’s Press Agent to exhaust his 
supply of adjectives, where would the exposition be 
without the publicity accorded it? 

It would have had as much chance of success as a 
department store in the stone-age. 

Publicity blazed the trail to the exposition. Pub- 
licity blazes the trail to knowledge. It is an educative 
force. How deeply indebted to the press is the general 














PALACE OF MACHINERY 














So with the sparkling sapphire waters of the Bay 
of San Francisco—with the haughty surrounding 
mountains and the still more haughty Tamalpais— 
with the turquoise sky of California and the iridescent 
sun-rays of ‘‘the Golden West’’—with the rolling 
emerald hills ’midst the ‘‘garden of the earth’’—with 
the ideas of the architectural genius, the famed artist, 
the skilled gardener and illuminating engineer—with 
all this natural, scenic beauty and the dreams and 
accomplishments of science and art, Man harmonized 
and constructed an exposition, the beauty of which will 
live in the memory of the beholder as long as memory 
itself endures. 

Such is the Panama-Pacific International Exposition. 

Editors and magazine contributors have written 
reams of copy describing its wonders. Not a trade 
journal, magazine or newspaper could be found that 
has not mentioned its lavishness of construction—its 
color schemes by day—its illuminating effects by night. 

Thousands of hand-cut glass prisms hung tremu- 


public for the opportunity of reading of the exposition, 
—of California, and of the places en route. How the 
reader has broadened his intellect—his knowledge geo- 
graphically, topographically, agriculturally and other- 
wise of the land that lays to the west. He has received 
accurate visual impressions through the printed pic- 
tures in the advertising of the exposition company 
and other interested beneficiaries. 

No man with eyes and a sound mind, though he live 
in a two-by-four village, has an excuse for not knowing 
something of the exposition and the western states. 

Nor should any engineer of today be lacking in 
knowledge of the apparatus in his line that is brought 
to light through the advertising page. 

He who advertises his product does not ‘‘hide his 
light under a bushel basket,’’ hence he is not ashamed 
of it and knows it must be right, which leads us to say— 

To broaden your mental horizon, read the advertise- 
ments you see herein. To be on the safe side, buy the 
products advertised. ; 








